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Extracts of Trichcsanthes 1 eishanensis root tuber contain
separable abortifacient and erythroagglutin.ating activities.
Wang et al. have reported a. method of purifying the abortifacient
protein. The lectins as reported here were purified by a
compatible procedure allowing the purification of both activities.
The protein fraction of an aqueous extract of root tuber precipi-
tated by acetone contains abortifacient and erythroagglutinating
activities. Following dissolution, of the precipitate, the
eryt1hroaggiutinins were adsorbed onto DEAE--Sepharose CL-6B column
and the abortifacient protein was eluted by initial buffer (0.0211
NH4HCO3 containing 0.1M NaCl). The erythroagglutinins eluted from
the ion-exchanger by 0.02M NH4HCO3 containing 0.2M NaC1 were
further fractionated by Lacto--gel chromatography into three iso-
lectin groups which differed in their strengh t o f interaction with
immobilized lactose under the condition of affinity chromatography.
They are designated as L2 (T'K-IIi), L3, LL} respectively. Among the
L3 and LL1. groups of the isolecti.r , 'they are heterogeneous in
regard to carbohydrate composition, these two isolectin groups were
further fractionated by Con A-Sepharose CL_4B column. Three
D-galactose binding lectins, TK-I, TK-II s TK-III, obtained through
conventional as well as affinity column chromatographic procedures,
were judged to be homogeneous by immunoelectrophoresis and polya-
acrylainid.e gel disc electrophoresis. Nonetheless microheterogeneity
of the purified lectins was demontrated by isoelectric focusing.
Their molecular weights as estimated by sodium dodecyl sulfate-
polyacrylarnide gel electrophoresis and gel filtration on Sephadex
G-100 SF column were 52 000-56 000 (TK-I), 57 000-58 000 (TK-II)
AND 65 000-70,000 (TK-III). They were splitted in to subunits in
the presence of 2-mercaptoe thanol and separated by sodium dodecyl
sulfate-polyacrylarnide gel electrophoresis, TK-I into 29 000 and
31 000 molecular weight subunits, TK-II into 29 000 and 33 000
molecular weight subunits and TK--II into 35 000 molecular weight
subunits, respectively. This suggests ests that the former two lectins
may share one type of subunit with similar molecular weight. All
the subunits of the lectins contain covalently bound carbohydrates
and were stained positively with periodic acid-Schiff reagent
except the heavy subunit of TK-I. TK- 1, TK-II and ILK-III possessed
both similar and unique biochemical properties. They have similar
amino acid compositions. The NT--terminal amino acids of TK--I and
TK-II were determined to be aspartate and valine, whereas glycine was
determined as the N-terminal of TK--III In double diffusion experi-
ments, completely fusing of precipitin arcs between the three
lectins suggests that they probably share certain common antigenic
determinents in their structures. The isolated lectins are capable
of agglutinating erythrocytes of various species such as human,
rabbit, rat, and show a slight preference for B blood group in the
human system. Sheep erythrocytes were nonaggluti.nable, whereas
mouse erythrocytes were agglutinated only by TK-I but not by TK-II
and TK-III. The specificities of TK-I, TK-JI and TK-III were
determined by inhibition of hemagglu.tination of rabbit erythrocytes.
They were inhibited by a number of different mono-- and oligo-
saccharides similar to D-galactose, favoured -linked terminal
oligosaccharides over -linked oligo saccharides n The three lectins
are not cytotoxic against spienocytes. They differ from the
abortifacient protein isolated from the same source that they do
not inhibit the mitogenic response of lymphocytes mediated by
concanavalin 11 The hernagglut inating activity of the TK-I enriched
fraction, L4, was abolished by incubation with 2-rnercaptoethan.ol
but restored partially by addition of anti-lectins serurr4 The
binding affinity of I.4 lectirls for immobilized lactose was
unaffected in the presence of r--mercaptoethanol.. These indicate
that 2-mercaptoethanol can dissociate the lectins into subunits but
cannot impair the carbohydrate-binding sites of the lectins.,
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INTRODUCTION
1. Biochemistry of Lectins
The presence of hemagglutinating principle in seed extracts
was discovered since the turn of the century. The hemagglutinating
activity of seed extracts was traced to the presence of discrete
proteins, variously termed phytohemagglutinins, phytoagglutinins,
agglutinins, protectins, and most recently, lectins. Boyd and
Shapleigh (1) coined the term lectin, derived from the Latin legere,
meaning to choose or pick out, based on their obervation that some
seed extracts could distinguish human blood-groups. This discovery
together with the finding that several lectins could preferentially
agglutinate malignant cells (2) draws immense research effort to the
field of lectin purification and characterization.
The main sources of lectins are found in the seeds of plants,
but lectins have also been identified in many diverse biological
sources, such as bacteria, molds and algae; the invertebrates:
sponges, fishes, snails, oysters and crabs; and some vertebrate
animals: chinckens, mice, rabbits arid even human beings (3, M
As regards to plants, although not so common, there are reports of
lectins in leaves, sterns and roots (3 6) A lectin may be soluble
in biological fluids (eg, concanavalin A) (7) or membrane-bound
(eg. rabbit or rat liver lectins) (8).
Because the lectins so far discovered are so large in number
and so diverse in properties, it is necessary to give a precise
difinition for lectin. Lectins are a group of proteins capable of
forming complexes with carbohydrates and substances containing
carbohydrates in a high 1 y se 1 ective and speci fic rnanner and are ab 1 e
to agglutinate cells andor precipitate glycoconjugates (9)
According to Goldstein et ale (9), sugar-binding proteins
of non-immune origin bearing at least two carbohydrate-binding sites
are considered to be lectin. The specificity of a lectin is usually
defined in terms of the monosaccharide(s) or simple oligosaccharides
that inhibit lectin-induced agglutination or precipitation reactions.
Although most lectins do not exhibit enzymic activity, some sugar-
specific enzymes with multiple combining sites such as galactose
oxidase (10) and the enzymic lectin from Vigna radiata (11)
agglutinate cells and are considered to be lectin. Some toxins,
such as abrin from Abrus precatorius and ricin from Ricinus communis
containing only one sugar-binding site per molecule and formerly
called monovalent lectin (12) are no longer considered as lectin
since they do not agglutinate cells or precipitate glycoconjugates
(9)• Neverthless, they will be considered in the following discussion
because they are very similar in physicochemical properties to the
agglutinins found in the same species in which the toxins are
detected.
Many lectins agglutinate different groups of erthrocytes
and different types of cells preferentially, but some do not.
Lectins may then be classified into three types (13)= (a) nonspecific
lectins that agglutinate cells without regard to their origin
(either species or blood type), (b) lectins that preferentially
agglutinate some animal cells, or (c) blood-group specific lectins.
The activity of a lectin is generally inhibited by a group
0 f related monosaccharides or s inlple o 1 i.gosa c c har i d es, Le c ti n:a r(
now commonly classified into limited number of groups on the basis
of their sugar-binding specificity® These are enumerated in table
1 (1 k).
This classification not only groups all the lectins found
to date into limited number of categories, but also make an attempt
to correlate the biological activities (see later discussion) of the
lectins with their sugar-binding specificities® Nevertheless, it is
noteworthy that some D-glucose-binding lectins bind N-acetyl-D-
glucosamine as tightly as D-glucose and may be placed in either
D-giucose-binding or N-acetyl-D- glucosamine-binding group® And
simi 1 ar phenomenon was ob.served for some D-ga 1 actose-binding lectins®
Though many lectins interact exclusively with the
nonreducing, terminal glycosyl groups of polysaccharide and
gl'conrotein chain-ends, some lectins have carbohydrate-binding sites
that are complementary to more than one sugar units, and some others
bind internal as well as reducing terminal sugar residues rather
than rione reducing termina 1 s. In addition many 1 ect ins dif fer ma.rked 1 y
with respect to their anomeric specificity (6). If a lectin is not
completely specific for a single sugar and anomeric form, Goldstein
and Hayes (6) suggest that two or more structures as well as the
anomeric forms of the inhibitory sugars should be cited.
In addition to the ability of cell agglutination, lectins
exhibit many other interesting biological properties such as mitogenic
stimulation of lymhocyte (15), preferential agglutination of
malignant cells (2) and toxicity towards different cell lines (16).
Table 1 Lectins Classified on the Basis of their
Car bohydr a t e I3 indine Specificity (Compiled)
by Go1dst ein (14)
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By virtue of their carbohydrate-binding specifities and
other biological properties, lectins are used in numerous fields
of research (1?). Lectins can be employed in serological laboratories
for typing blood. They are valuable as probes for identifying and
mapping cell surface sugars as well as studying cell surface
architecture. Moreover, lectins can be used for the purification
of oligo-and polysaccharides arid carbohydate-containing substances
such as glycoproteins, viruses, subcellular fractions, whole cells(18-
20 )f and even lectins themselves by affinity chromatography on
immobilized lectins (21)• Some lectins are mitogenic and are used
as tools for studying the biochemical events accompanying cellular
growth, differentiation and division. These, together with other
valuable applications, stimulate extensive research efforts in the
finding and purification of more lectins with different sugar-
binding specificities. To date more than hundred different lectins
have been purified and characterized.
Although lectins are postulated to have an antibody-like
role (22), lectins are quite different from antibodies in that the
structures of lectins are even more versatile than that of antibodies.
Lectins differ widely in their physical and chemical properties
such as molecular weight, carbohydrate content, cysteine content,
number of subunits as .well as number of sugar-binding sites. The
molecular weights of lectins range from 12,000 Agardhiella tenera
agglutinin (23) to TOO,000 horse-shoe crab lectin (2T). Most
are glycoproteins containing up to 30% sugar i.e., potato lectin (23);
a few, such as jack bean lectin (con A), wheat germ agglutinin (WGA)
and peanut lectin (PNA) completely lack covalently bound sugars (26,27).
Most lack cysteine but a few have as much as 20% of that amino acid
(2?). Fany require divalent metal ions for their biological activity
Almost all have subunits, the number of subinits ranges from 2
(castor bean toxin) (12) to l8 or 20 (horse-shoe-crab lectin) (28).
The number of sugar binding sites per subunit varies widely.
For example, Abrus precatorius toxin consists of two subunits but
has one sugar binding site (12); wheat germ agglutinin is made up
of two identical subunits and has four binding sites (29).
The physiological functions of lectins in animals and plants
are not vet established with certainty. But it is speculated that
lectins may play a very important role in cellular recognition and
be ascribed to one of the three ma ior classes of proteins responsible
for biological recognition, i.e., enzymes, antibodies arid lectins
(30, 31). All these proteins share a common feature that they are
highly specific and distribute widely in biological systems0
The importance of enzymes and antibodies is well known, but the
function of lectins in their native sources, from which the lectins
are produced, is not yet well defined. The probable endogenous
biological, functions of lectins have been recently reviewed (9)«
Before affinity chromatography became so widely used in the
isolation and purification of lectins, lectin fractionation was
achieved mainly by conventional methods of protein purification,
such as salt or organic solvent precipitation, gel filtration and
ion-exchange chromatography. Recently affinity chromatography which
is based on the ability of lectins to bind carbohydrates specifically
and reversibly has been adopted (32, 33)« The lectin is adsorbed
on a suitable column made of an immobilized sugar derivative for
which it is specific and is eluted either with the specific sugar
or sometimes by lowering the pH, adding denaturants or increasing
the ionic strength of the eluent containing chaetropic ions (it).
Affinity adsorbents that have been used in the purification of lectins
include four basic types (Table 2).
The adsorbents belonging to group 1 are the commercially
available water insoluble polysaccharides, either native or modified
Sephadex and Sepharose constitutes the most widely used adsorbents
in group 1. Concanavalin A from jack bean and lentil lectin which are
specific for glucose have been successfully purified on columns of
Seph adex (36), whereas lectins that bind D-galactose (for example,
the agglutinin of the abrus seeds and the lectin from Momordia.
charantia) have been purified on columns of Sepharose (37)
Interestingly, not all lectins that are specific for D-galactose
are adsorbed to Sepharose (37). In the case of the lectins from
Crotalaria juncea, this has been ascribed to the inability of the
lectin to interact with internal residues of the linear galactan
chains of Sepharose (38). Indeed, adsorption was made possible by
increasing the number of galactosyl end groups by mild acid
hydrolysis., under conditions that split the galactan chains in a
number of places without completely degarding the interlocking
network (38). Crosslinking naturally occuring galactose-contairiing
polysaccharides, such as arabino galactan and guaran (guar gum),
with epichlorhydrin or divinyl sulfone provides affinity matrices
with a high capacity for galactose-specific lectins Guaran, in
contrast to Sepharose and arabinogalactan, contains a-linked
galactose residues and could therefore be used for the isolation
of lectin from Bandeiraea (Griffon!a) Simplicifolia with an anomeric
preference for a-galactose (39).
Table 2 Adsorbents for Affinity Chromatography of Lectins( Compiled after Lis
and Sharon (30 31))
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Data from Ref. 35
The adsorbents of group 2 are those matrix-bound mono- and
disaccharides which are made by incorporating suitable sugar or
sugar derivatives to insoluble matrix either directly or through
a spacer arm. The matrices commonly used are Sepharose and
acrylamide gel; the spacer, which is usually in the form of a long,
flexible hydrocarbon chain, are the 6~~aminohexyl or e-aminocaproyl
groups. The group 2 adsorbents are perhaps the most widely used
affinity matrices for the purification of lectins. They are
generally employed for the isolation of simple-sugar binding lectins
especially those lectins which do not bind to Sephadex or Sepharose.
For example, L-fucose coupled to Epoxy-activated Sepharose was
successful in the isolation of L-fucose specific lectins from
Ulex europaeus (0).
There are a number of method suitable .for the incorporation
of mono-or oligosaccharides or their derivatives to water insoluble
matrix (6, hi). Nonetheless, almost ail of these methods for
immobilizing sugar are time consuming and demand considerable
expertise in organic synthesis. Preparation of affinity columns
with bound carbohydrate derivatives has been greatly simplified
by the introduction of commercially available matrices with spacer
groups or even activated spacer groups already attached such as the
commercial product of Pharmacia: CH-Sepharose and. Epoxy-activated
Sepharose. With such supports, preparation of the adsorbent
require only addition of the carbohydrates, which is otten achieved
by a simple one-step coupling reaction.
Recently, a number of immobilized sugars are commercially
available (products of E-Y Lab). These affinity adsorbents cover
the sugar specificities of almost all lectins known to date, except
the complex sugar binding lectins. Although these affinity sugar-
gel are expensive, the availabilty of them greatly economizes the
time and work load needed for the synthesis of immobilized sugars
and therefore makes the purification of lectins much easier.
Groups 3 as well as group A adsorbents are most suitable
for the isolation of lectins with sugar specificities for which no
ready-made adsorbents are available. Group 3 adsorbents are similar
to those of group 2 except that glycoproteins such as hog blood
group substances A+H, thyroglobulin and ovomucoid are used instead
of mono- or di-saccharides; the glycoproteins used are usually
coupled to the water insoluble matrix directly through cyanogen bromide
activation method or simply by entrapment or adsorption. The complex-
sugar binding lectins from red kidney bean could be isolated by
Sepharose bound thyroglobulin (A2)-
Formaldehyde or glutaldehyde fixed erythrocytes (A3) or
red blood cell ghosts (33) are ascribed to the group A adsorbent.
The development of this type of adsorbents is based on the fact that
almost all lectins are capable of agglutination of or at least
binding to red blood cells. Formaldehyde or glutaldehyde fixed
erythrocytes are usually employed in batch-wise procedure rather
than column chromatography, they suffer from the disadvantage that
hemoglobulin easily leaks out even from fixed cells during the
adsorption and desorption process and the hemoglobulin
contaminated lectin preparation is therefore not suitable for
physico-chemical characterization. The leakage of hemoglobulin from
fixed erythrocytes can be overcome by using fixed red blood cell
ghosts, they are usually entrapped into an insoluble matrix support
such as Sephadex G-25 (35) and operated in column procedure.
Such general affinity adsorbents possess a wider complement of
sugars, theroretically the same adsorbent can be applicable to the
isolation of lectins with different sugar specificity
In application of group 3 and group k adsorbents, it should
be noted that the interaction of lectins with glycoproteins and
cell-surface carbohydrates is more complex than with simple sugars
(6, 33). In addition to specific sugar-lectin bindings, nonspecific
interactions between the lectin and the macromolecule should be
taken into account. Therefore clear separation and high yield of
lectins are seldom observed, irreversible binding of lectins to the
adsorbents may be a contributory factor in the low yield of lectin
in these types of adsorbents.
In addition to the above four types of adsorbents,
Sepharose-bound concanavalin A, which is commercially available,
has become a valuable means for the isolation of lectins( 21)•
This method exploits the fact that many lectins are glycoproteins
with terminal n-linked D-rnannose residues, for which concanavalin A
is specific, these glycoprotein lectins can therefore be retarded
or adsorbed on a column of Sepharose-bound concanavalin A and eluted
with either glucose or or-me thyl-D-raannopyranoside• For example,
soy bean lectin has been isolated by using a column of concanavalin
A-Sepharose (21), In addition, Sepharose-bound concanavalin A
is a powerful means for purification of isolectins, slight difference
in the carbohydrate moieties as well as other physico-chemical
parameters of the isolectins can be distinguished by concanavalin A
Lectin preparation of Horse gram (Dolichos bifIorus) originally
thought to be homogeneous could be fractionated into
electrophonetically distinguishable isolectins A and 3 by
chromatography on concanavalin A-Sepharose( kk)»
As can be seen from the above compilation a wide range of
adsorbents is available for the biospecific purfication of lectins.
As shown in Table 2, it is noteworthy that several lectins, such as
the N-acetyl-D-galactosamine-binding lectin from soy bean,
D-galactose-binding lectins from peanut as well as the D-galactose-
binding lectins from castor bean could be isolated by a variety
of techniques covering almost all the four types of affinity
adsorbents. Faced with the variety of affinity adsorbents, it is
not always easy to decide which to choose. Each of the methods
described above has its own merits and limitations and none of them
seems to be ideal for all purification problems. Selection of
affinity adsorbents is based mainly on their availability, and
simplicity in handling and operation. With most lectins one or
another of the affinity adsorbents will be found applicable.
After the development of affinity chromatography, isolation
of lectins becomes much more simple, but purification of lectins
to homogeneity is still a very difficult problem, which is seldom
encountered in the purification of other proteins (17,5).
First, lectins may appear in multiple forms that possess similar
biological activities and that differ only slightly in their chemical
properties, isolectins have been reported in many cases (A6-A8).
Secondly, many lectins comprise subunits and undergo complex
association-dissociation reactions giving rise to multiple forms of
the same lectin that differ in molecular size( d 9, 50) Therefore,
many contemporary lectin-purification schemes employ both
conventional protein-purification techniques and affinity
c h ro matography.
A working purification scheme may involve serveral steps,
namely, defatting, saline extraction, ammonium sulfate cindor
acetone fractional precipitation, immobilized sugar affinity
chromatography, concanavalin A-Sepharose affinity chromatography,
or other conventional means of protein fractionation e.g. gel
filtration, ion-exchange chromatography, preparative isoelectric
focusing. The combinations of these protein separating techniques
for purification of D-galactose binding lectin are diverse, and
not a single one of these combinations is found, to be universally
applicable. In some cases, a single affinity chromatographic step
employing immobilized sugar was adequate such as the purification
of the lactose binding lectin from the hemolymph of Sarcophaga
peregrina larvae by a Sepharose 5B column (51). And in other cases,
especially when there are several isolectins present in the same
source, purification of individual lectins is extremely difficult
and a number of steps may be neccessary (7» 52). Indeed, several
1ectins at first c1aimed to be pure have 1ater been pi1 oved to consist of
a group of lectins, as monitored by some sensitive techniques such
as analytical polyacrylamide electrophoresis or isoelectric focusing
(6).
The largest group of lectins so far isolated is perhaps
the D-galactose-specific lectins. A number of galactose-binding
lectins have been isolated and purified. Some of these as well as
their carbohydrate specificities are summarized and shown in the
table 3 As stated previous 1 y, a nurnber of 1 ec tins dispjay a
preferential a f f i n i t y f o r N- a c e t y 1- D- g a 1 a c t o s a m i n e a n d a r e c 1 a s i f i e d
into the category of N-acetyl-D-galactosarnine specificity, and also
react to different extents with D-galactose, Conversely, there is
a series of lectins that display a primary specificity for
D-galactose, and cross-react to a varying degree with N-acetyl-
D-galactosarnine. Indeed, many lectins tolerate greater variation
at C-2 hydroxyl group of the sugars which they bind than at C~3 and
C~6 variation of the complementary sugars (6). Therefore, some
workers prefer to group these lectins simply into the class of
D-galactose-specificity rather than divide them into subclasses.
Most of the well characterized ones are listed in the following
table,
As shown in table 3? it is obvious that. D-galactose binding
lectins like the lectins with other sugar binding specificities
differ widely in their physico-chemical as well as biological
properties. D-galactose specific lectins have been identified in
a variety of living organisms, but plant seeds are still the major
source for their purification. The molecular weight of them also.
varies widely. Some of them such as Chicken lactose lectin II (5$)
and powan lectin (50) comprise only a single polypeptide, whereas
many others exist as dirneric and tetrameric forms. Trimeric
(Butea frondosa agglutinin), hexameric (Helix pomati c cX gglutinin
and Sarcophaga peregrina lectin) as well as octameric lectins
(lima bean agglutinin II) have also.been found (51» 53? 59, 60), Come
D-galactose binding lectins even form aggregates or a number of
associates which differ in molecular size, and are in equilibrium
Table 3 Properties of Some D-Gaiactose Binding Lectins.










































































Cll tocybe nibularis 70 000 19 000
and 1A 50C
Roe Cor egonus lavaretus
(MARAENA (POWAN)
25 ooc 27 000
Seed Crotalaria junces
(sunn-hep-seeds)
115 ooc I 31 AOO
Cytis us scoparius
(Sarotharnnus scoparius







100 OOC 28 000 Ai













































1 A, B 53

























a-D-GalNAc a-L-Ga1 A„ A0
( % )








Seed Erythrina indica 66 200 2 L 30 000
H 3i+ 000






60 000 35 000
and 21 000





79 000 6 13 000
Human glomerular basement
membranes (HGBM)














Marasmim oreades 50000 33 000
and 23 000
Seed Momordica charantia

















0 n onis spinosa
Phaseolus lunatus
limensis (lima bean) III

















96 000 CL 29 000
».
cL
Rabbit 250 000 98 000
and 90 000






31 000,3 000 (AB),

















6 D-GalNAc D-Gal 0 A. B 53
10.5 b (B+H) and A0



















3. 0 D-GalNAc>D-Gal nonspecific
5.4
a-D-Gal or b B 0 A 5


















cone v10 m g m 1
3-D-Gal a-D-Ga 1
D-GalNAc




















90 000 4 30 000
and 5 000















erythrophtalmus associates n 22 000-



























Abbreviations used: D-Gal= D-galactose; D-GalNAc= D-galactosamine;
D-Man= D-mannose; D-GlcNAc= D-glucosamine; NANA= N-acetyl-
neuraminic acid.
SD
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b
°The sugar binding site of these lectins recognize more than a simple
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with one ano ther (k9, 50). D-ga 1 a.c tose specif ic 1 e c t ins with aubuni t
structure are composed of either identical or nonidentical subunits
(571 12), The common rnolcular forms of dimeric lectins are i0
(with 2 identical subunits) and AB (with 2 nonidentical ones)
whereas that for tetrameric lectins are A,, as well as A7B,
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Most of them contain covalently bound carbohydrates or are
giy c opr o t ein,
As regards with the sugar specificity of D-galactose
binding lectins, many lectins, in addition to having preference
for D-galactose and N-acetyl-D-galactosamine, show anomeric specificity
And many lectins belong to the complex-sugar binding lectin group,
of 'which the binding site recognize more than a simple
monosaccharide determinant but include at least one D-galactose
residue (6). Furthermore, some lectins belong to the simple-sugar
binding lectin class even recognize the sugar residue penultimate
to D-galactose or N-acetyl-D-galactosamine residues when they are
allowed to react with glycopeptides derived, from cell surface( 51)„
This is why, this class of lectins shows diverse biological as
well as chromatographic behaviours. As mentioned earlier, some
galactose-binding lectins, e.g., castor bean agglutinin, interact
with Sepharose and can be isolated by affinity column
chromatography using Sepharose; other lectins, such as Sophora
japonica agglutinin which is also specific for D-galactose,
cannot (37).
Lectins bearing a primary specificity for ar-N-acetyl-D-
galactosamine, such as horse gram agglutinin and Helix pomatia
agglutinin, are probably specific for human A group erythrocytes,
because part of the group A determinant contains a-linked H-acetyl-
D-galactosamine.Since n-linked D-galactose is a contributory portion
of the group B determinant, some of the a-D-galactose specific
lectins such as Bandeiraca sirnplicifolia agglutinin I and Marasmius
oreades lectin are B-group specific. On the other hand, because
of the abundance of d-D-galactose end groups on the cell membrance,
most lectins specific for j-D-galactose are A, B, 0 blood group
nonspecific (62)„
Irimua, et. al. (61), classified the galactose-specific
lectins into three groups according to the results of the
hemagglutination inhibition assays using glycopeptides derived from
various glycoproteins as hapten inhibitors, and correlated them with
their biological activity. The lectins, i.e., Phaseplus vulgaris
hemagglutinin, Maackia amurensis mitogen and Hieinus communis
agglutinin interact principally with the Gal —GlcNAc sugar sequence,
show strong mitogenic activity against human peripheral lymphocytes,
and that the lectins that can interact with the Gal-»GlcNAc sugar
sequence as well as the Gal-»GalNAc sugar sequence, i.e., Sophera
.japonica h e m a gg 1 u t i n i n (SJ-III), Glycin e max h e ma g g 1 u t i n i n, and
Wistaria floribunda hemagglutinin, show weak but definite mitogenic
activity against neuraminidase-treated, human peripheral lymphocytes.
On the other hand, the lectins that principally interact only with
the Gal-GalNAc sugar sequence, i.e., Bauhinia purpurea hemagglutinin,
Arachis hypogoea hemagglutinin, and Maackia amurensis hemagglutinin,
do not show mitogenic activity (61). To verify this, more lectins
with similar or different D-galactose binding specificity should be
tested. This encourage the isolation and characterization of more
D-galactose-binding lectins.
2• Lectins and the Chinese Herb, Tianhuafen
Chinese medicine is a great treasury of bioactive substances.
The chemical nature of these substances from Chinese medicine is quite
diverse ranging from small molecules such as ginsenosidoa from Ginseng to
macromolecules such as the abortifacient protein from Tianhuafen. The
search for lectins in Chinese medicinal herbs is producing promissing
results and it is now believed that Chinese medicinal herbs are a good
source of lectins Several, lectins have been detected or even purified
from plants used in Chinese medicine. For example, the well known lectin,
concanavalin A, was found from jack bean which has been used as a folk
medicine in China for centuries), Other Chinese herbral drugs e.g.
Amaranthus caudatus (family Amarantaceae)« Cichorium intybus (family
Comoosite), Carum carvi (family Umbelliferae), Phaseolus vulgaris. Glycine
soia, Arachis hypegaea. Sophora iaponica. Pobinia pseudoacacia (all belong
to family Leguminosae). Phytolacca americana (family Phytolaccaceae) and
Agaricus corapestris (family Basidiomycetee) were also found to have lectin
activity( b;), though their detection was more or less by accident or
from other clues rather than based on their pharmacological values.
In late 1977 a research program on the bioactive proteins from
Chinese herbs was initiated in our laboratory and Tianhuafen was chosen
for study. As early as the Ming Dynasty (16th century), Li Shih-chen
described Tianhuafen in his Pen Ts'ao Kang Mu (Materia Medica)( 61)$
saying, the powdered root is as white as snow,(the
powder of heavenly flower)' and that it has the function of 'inducing
menstrual fluid' and 'curing the detention of fetal membranees'• This
description encourages the search in Tianhuafen for abortifacient principle.
The active component, a basic protein designated as trichosanthin, was
first isolated by Wang et al. (bp) in 1976. This protein is effective
in inducing mid-gestation abortion in laboratory animals as well as in
human beings. The presence of abortifacient protein in Tianhuafen was
confirmed by our laboratory(,). Experiments on human trophoblast
cells in vitro have clearly demonstrated that trichosanthin probably acta
on human syncytiofcrophoblasts and its action is quite specific( 6', 68 j,
Besides, trichosanthin has been found to be very effective in suppressing
the blastogenesis of mouse splenocytes mediated by concanavalin A although
it is non-mltogenic( 6 b)« A dose as low as lugmi of trichosanthin
produced a 22% decrease in initiated thymidine incorporation into spleno-
cytes mediate by concanavalin A, and a final concentration of 100ugml
completely blocked the incorporation of radioactivity( yu)• This
property is quite similar to the one possessed by some lectins that they
can suppress the autogenic response of splenocytes induced by T-cell
mitogens. For example, the lectin from Agaricus bisporus( 71) and the
agglutinin from wheat germ(:'?) are themselves non-mitogenic but are
effective in suppressing the alloantigen stimulation in the mixed lympho¬
cyte response and the mitogenesis induced by concanavalin A, Based on
this information, it seems that trichosanthin has lectin-like properties,
viz., it is cell-type specific and is non-mitogenic but suppresses the
mitcgenic response of splenocytes mediated by T~ce.ll mitogens, or even
that it itself is a lectin.
In regard to the family Cucurbitaceae, a few related species were
claimed to have hemagglutinating activity. Lectin activity was detected
in the phloem exudate of the following species: Cucurbits maxima, Cucumis
sativus, Cucumis melo( 'A); as well as the fruit exudate of C sativus,
C• melo and Cncurbita pepo( 7)• Hemagglutinating activity was also
found in the seeds of Bryonia syriaca( 7b) Momordica balsamina
( 7b), and Momordica charan tia( y?)• M •charantia is knovm as balsam
pear and also used in Chinese medicine.
The presence of D-galactose-binding lectin(s) in the seeds of
M.charantia was reported by a number of researchers( 53-95,56) -i l;hont
results were not consist-ant with one another (see Discussion pp. iOM--1D6)
The presence of D-galactose-binding lectin(s) as well as the presence of
another abortifacient proteins in the seeds of M.charantia was detected by
our laboratory() The two different biological activities, viz,
hemagglutinating and abortifacient activities, were found to reside in
different proteins.
Interestingly a plant protein, designated pinellin, has recently
been isolated from the rhizome juice of another Chinese medicinal herb,
pinellia (Pinellia ternata)( V).. This protein has been found to be
able to terminate early pregnancy in mice It is also a plant lectin with
sugar binding site specific for oligosaccharide chains containing mannase
( i exhibiting a specific hemagglutinating activity to rabbit erythro¬
cytes at a concentration of as little as 2ugml. Pinellin is an aborti¬
facient protein and at the same time it also acts as a lectin( 77)
Based on this information, it will be interesting to see whether there is
lectin present in Tianhuafen and, if it is so. whether the hemagglutinating
activity is ascribed to the abortifacient protein, trichosanthin, a case
similar to pinellia, or attributed to other unrelated proteins.
In 1979 our laboratory discovered the presence of hemagglutinating
activity in the crude extract of Tianhuafen and demonstrated that D-galac¬
tose as well as D-galactose related simple sugars can inhibit the
hemagglutinating reaction( oO) Later, another group of Chinese scien¬
tists verified independently the presence of lectins in Tianhuafen.
'unpublished data. 27
In 1981, a communication entitled 'The effect of some lectins on
the interaction between insulin and its receptor' reported that lections
from Tianhuafen together with six other lectins were used in their studies
(?8). The Tianhuafen lectins thus reported are D-galactose specific
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It did not inhibit the binding of I-insulin to its receptor at high
concentration but at low concentration showed slight stimulation( 76)»
Nonetheless, no data concerning the purity nor the physico-chemical
properties of the lectin preparation used nor the relationship between the
hemagglutinatinin and the abortifacient protein found in the same species
was reported.®
The present study was devoted to the purification of the lectin(s)
from Tianhuafen so that characterisation of them, both in physicochemical
and biological aspects, became possible.,
MATERIALS AND METHODS
Fresh root tubers of Trichosanthes leishanensis Cheng et Yueh
obtained from Kvangsi, China were used as Tianhuafen for this study
Various purified proteins used as standards in gel filtration chromatography
and in SDS-PA gel electrophoresis were obtained from Sigma. Amino acid
standard mixture (Type I) was from Bee km,an. Marker proteins with known
isoelectric points (pi) used in isoelectric focusing mere products of
Serva Lactose was purchased from Merck, other sugars were from Sigma
Lacto-gel and Galacto-gel were brought from E.Y. Lab while Con A-Sepharose
CL-hB, Epoxy-activated Sepharos© 6Bt DEAE-Sepharose CL-6B, Sephadex G100 SF
were purchased from Pharmacia. Galactose and lactose, respectively, were
coupled to Epoxy-activated Sepharose 6B by the method of Yretblad(')
Freuad's complete adjuvant was product of Calbiochem Agarose (type II)
from. Sigma was used for Immunoelectrophoresis® Ready-made polyacrylamide
gel plates containing Ampholine (pH range 35-95) used, for isoelectric
focusing were product of LKB„ Dansyl chloride was obtained from Sigma,,
polyaraide sheets were from Cheng Chin Co., Ltd. Different types of human
blood were a gift from Garitas Hospital ,(H.K.). All other chemicals were of
analytical grade or of the best quality available.
1. EXTRACTION OF LECTINS FROM TIANHUAFEN
1.1 Preparation of Crude Powder
All steps of the isolation procedure set forth below were carried
out at f°C unless otherwise specified Fresh tubers of Tianhuafon (53 Kg)
were peeled, cut into small pieces and homogenized in a Waring Blender in
3.8 litre of normal saline (pH 70). The homogente was filtered through
cheese cloth to separate the debris. The extract was adjusted to pH 8.0
by dropwis© addition of 1N NaOH and then stirred for 2 hours before letting
it settle overnight. This new suspension was centrifuged at OOOXg for
1b minutes, and the supernatant (6.25 litre) was collected and lyophilized
to give 322.crude powder (CP).
1.2 Fractionation by Acetone Precipitation
The crude powder 100g was dissolved in one litre of distilled
water and th© pH of th© solution was adjusted with 1N NaOH to pH 8.0.
After standing for 1 hour, 0.8 litre of cold acetone was added® A heavy
precipitate was formed and the mixtire was stirred for fO minutes. The
precipitate (P1) was collected by centrif ligation at 3 OOOXg for 15 minutes
while 2.2 litre of cold acetone was added to the supernatant. The sedimented
material (P2) was recovered by discarding the supernatant after letting
the mixture settle for 2 hours. The two fractions were suspended in
minium amount of PBS. After extensive dialysis against the same buffer
(PBS), some proteins remained insoluble. The supernatant and the precipitate
of the fractions were separated by centrifugation. The precipitate was
then reextracted with PBS, centrifuged and th supernatants combined® Fraction
P1 gave two subfractions PIP and P1S; fraction P2 gave subtractions P2P and
P2S6 The hemgglutinating activity of the fractions was determined and the
subfractions were lyophilized. The protein profile of them were monitored
by immunoelectrophoresi© as well as SI'S-PA gel electrophoresis® A flow
chart indicating the fractional acetone precipitation procedure is shown
in the following figure.
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2.1 Fractionation by Column Chromatography on DEAE-Sepharos®
The lectin-enriched fraction (P1S) was further purified by
ion-exchange chromatography employing DEAE-Sepharose CL-6B P1S (1 g)
was dissolved in of distilled water. After dialyzing against 0.Q2M
NHHCO containing 01M NaCl (pH 8.0)? it was applied to a column (15%
32 cm) of DEAE~S e phar o s e CL-6B previously equilibrated with the same
dialyzing buffer. Column chromatography was carried out at room temperature
at a flow rate of 70mlh and the eluate was collected in fractions of 10ml•
The column was washed with 100ml of the initial buffer (Q.02M NHHCQ.7
containing OdM NaC 1) and then stepwise elution was performed with 0.2M
and NaCl in the same bicarbonate buffer. The elution was monitored
continuously by absorbanee at 280msu Four fractions® designated as D1pB2
D3 and B respectively, were collected, dialyzed against deionized water
and lyophilized.
2.2 Lacto-Gel Column Chromatography
Fraction D3 (ICOmg) obtained from DEAE-Sepharose column
chromatography was dissolved in kwl of PBS (pH 7.2) and applied to a
Lacto-gel column, (1®3% 10 cm) preequilibrated with the same buffer.
After unbound proteins were removed by ©luting with three bed volumes of
starting buffer® elution was carried out with a linear gradient of galactose
from 0 to 20mM in the same buffer. Fractions of were collected at
a flow rat® of 26mlh. According to the elution profile (see Fig. 6)?
fractions were pooled, dialysed extensively against deionized water
and lyophilized.
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2.3 Con A-Sepharose Column Chromatography
Sample L4 (4lmg) from Lacto-gel column chromatography was dissolved
in 2ml of 0.02M Tris HC1 buffer (pH 74) containing 0.05M NaCl and applied
to a column (1.3 X 28.0 cm) of Con A-Sepharose CL-4B previously equilibrated
with the sain© buffer. The column was eluted first with the starting
buffer and then a linear gradient of NaCl from 0.05M to 0.5M in 0.02M Tris
HC 1 buffer (pH 7.4) was carried out. The bound proteins were then eluted with
G.Q2M Tris HG1 buffer CpH 74) containing 05 NaCl as well as 0.5M glucose
5aal fractions were collected at a flow rate of 12.5®lh. fractions
corresponding to the major peaks were pooled, dialyzed and lyophilized.
Con A~Sepharos® was regenerated as described( 82,83). Sample L3 (46mg)
was treated and purified according to the same conditions as described
for L4. The purity of the lectins thus obtained was monitored by
Immunoelectrophoresis, analytical PA gel electrophoresis, and SDS-PA gel
electrophoresis.
3. ANALYTICAL PROCEDURES
3.1 Determination of Protein Concentration
.V fmir--inw~m«7.rnr-i «irtrr-n--niiTr-riTr?Tr.—m
Proteins concentration was determined by the method of MarkweXl
et al.( 84) using bovine plasma albumin as a standard®
3.2. Immunoelectrophoresis
Preparation of Anti-lactins Serum
Mai® albino rabbits weighing about 3g were used to produce
polyspecific antiserum against the Tiahuafen fractions Tianhuafen crude
powder 20mg per ml in normal saline was sterilised by Mill!pore filtration,
0.5®! aliquot was emulsified with an equal volume of Freund's complete
adjuvant. The emulsion was injected intramuscularly and subcutaneously
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The second injection was given after ten days with doubled amount of the
antigen. Ten days after the last immunizationf third injection was given
with four times the initial amount of the antigen. During the immunization
process, the titre of the antiserum was monitored by Immunoelectrophoresis
and ring test. In order to obtain better antiserum, the rabbits were each
sensitized with 5°g of a semi purified fraction (D3) mixed with Freund's
complete adjuvant. Animals were bled about 10 days after the sensitization.
Immunoelectrophoresis
Immunoelectrophoresis was done according to the method of Grabar
and Williams (85) with slight modifications. About 5®1 of a']% agarose
solution (type II) in barbital buffer 1=0.025t pH 8,6 was poured onto a
clean glass plate (10 X 5 cm) placed on a horizonal surface. When the agarose
gel was set, it gave a gel of 1mm thick. Three circular wells, 2mm in
diameter, were cut with a gel puncher about 1.6 cm apart. Two rectangular
troughs 1-2mm in width were cut with a surgical knife, midway between the
wells, about ?am from each well. Or by pouring double the amount of gel
solution onto a clean glass plate with dimensions of 10 X 10 cm, the whole
system was enlarged. Six wells and three rectangular troughs were cut in
similar way after the gel was set.
The samples to be examined were placed in the wells, and an
electrophoretic separation was carried out in barbital buffer I=0.025» pH 8.6
for 5 minutes at a potential of 5QV10cm measured directly on the plat©.
Electrical contact between the agarose and the electrode vessels was made
with strips of Whatman 3|sm filter paper moistened with the same buffer.
After electrophoresis, the rectangular troughs were filled with the
anti-lectins serum and the gel was incubated overnight in a humid chamber
at room temperature. After the development of precipitin arcs, the non-
recipitted proteins were removed by washing the gel in o.yi NaG 1 fr.-r
hree days. Tho precipitin area were stained with O.T Anido Bulck iOL
nd destained in 7% acetic acid until tho background was clear. The goi
as then covered with cellophane and allowed to dry at room temperature.
.5 SDS-PA Gel Electrophoreaia
Electrophoresis on polyacrylaroide slab gel containing 0.1% obb
as performed by the method of Laeramii('') with slight ir.od.ific a -iorib.
10% separating gel (O.J?bM Trie pH 8,8) was made between two glass plates
13 X l6cm) with 3 psrspex spacers of thickness 1.3mm« Lhe glass plates
ere clamped together by stationary clips and the three outer edges were
sealed with 1% agar to prevent leakage. After polymerization of the
eparating gel? a 3% spacer gel (0.125M Trie pH 6.8) was added with
nsertioa of a sample well forming comb. The comb was made from 1,5 cm
erspax sheet with 15 teeth, each 0,6cra wide. After polymerization, the
oiiib as well as the lower spacer were removed and the slab was mounted on
he electrophoresis apparatus, Tho sample solution was diluted 1:5 with
ample buffer containing 2% SDS with or without 2% 2-mercaptoethanol to give
iual protein concentration of 1~2mg per ml. The solution was incubated at
X) C for 2 minutes. Sample solution of 10~50ul was applied to each well,
lectrophoresie was performed at a constant power of 10 watts at room
emperature which required about one hour and fifteen minutes for the tracking
'' reaot the bottom of the gel. At the end of the run, the slab was
isaeserabled. The gels were placed in staining solution of 0.25% Coomassie
250 ior 2~A hours at room temperature. Background stain was
amoved by destaining overnight in solution containing acetic acid, ethanol
' tyJ volume) in the Bio-Pad Model 202 Diffusion Dentainer.
3. Analytical PA Gel Electrophoresis
The ffiothod of Davis( 8?) for polyacrylamide gel disc electropho¬
resis was employed with slight modification The running gel was prepared
from a?% (wv) polyacrylamide solution in 03754 Tris HC1 buffer (pH 89)
The g©l was casted in the gel mould as described before to give separating
gel slab of dimensions about 8 X 1f cm Spacer gel of 3% (wv) polyacry¬
lamide solution in 0.0625M Tris KCX buffer (pH 67) was overlaid onto the
running gel and allowed to polymerized under direct sunlignt« The sample
was dissolved in a 20% (wv) sucrose solution containing 0.025% (wv)
bromophenol blue to a final protein concentration of V«2mg per ml Sample
volume of 10~25ul was applied to each well which correspond to about 10~50ug
protein. Electrophoresis was carried out at a constant current of 30mA
per gel slab at room temperature for about 2 hours with the anode connected
to the bottom reservoir After electrophoresis, the gel ¥as stained snd
destained as described previously.
35 Assay of Hemagglutinating Activity
Hemagglutinating activity was determined by the method according to
Allen( 88) with some modifications Various kinds of erythrocytes were
collected and washed three to four times in PBS respectively Washed RBCs
were suspended in PBS to a final coneentraction of 2%® The RBCs suspensions
were kept at °C and used within two weeks. A serial two fold dilution of
the lectin solution was made in 25ul of PBS using microliter V-plates, then
25ul of a 2% suspension of RBCs was added. The plates were shaken
modernately and then kept at room temperature for about one hour.
Unagglutinated RBG formed a clear dot on the bottom of the well, whereas
agglutinated RBG formed a diffuse mat on the bottom of the well. The
highest dilution of the lectin solution still gave positive hemagglutina¬
tion was .defined as the end point. The amount of lectin per ml at this
end point dilution was defined as one unit of bemagglutinating activity,
Rabbit erythorcytes were used routinely for monitoring the purification
of the lectins
36 Hemagglutination Inhibition Test
The hemagglutination inhibition tests were performed at room
temperature in a manner analogous to the hemagglutination test Two fold
serial dilutions of sugar samples were prepared in PBS using microtiter
plates All the dilutions were then mixed with 23uX of diluted crude
lectin sample or solution of purified lectins with a hemagglutinating titer
of A, The mixture was allowed to react for 30 minutes and then mixed with
25ul of rabbit RBCs suspension. The result was read after about one hour
when the blank was fully sedimented The concentration of the sugar in the
final reaction mixture was calculated
37 Molecular Weight Estimation by SDS-PA Gel Electrophoresis
The molecular weights of the intact lectins as well as the reduced
lectins were determined by SDS-PA gel electrophoresis according to the
method of Laemmli{ 86) as described earlier The purified lectins were
treated with 2% SDS either in the presence or absence of 2% 2-mercaptoethanol
and subsequently analysed hy SDS-PA gel electrophoresis under different
gel concentrations (10, 123%) The molecular weights were determined
by comparing the electrophoretic mobility of the lectins with the mobility
of standard marker proteins
38 Molecular Weight Estimation by Gel Filtration Chromatography
Sephadex G-100 SF were washed well with PBS, poured into a column
of dimensions 2 X 100 cm, and equilibrated extensively with PBS before
application of the sample in 1ml. Chromatography was performed at room
temperature at a flow rate of 8mlh. The columns were calibrated with the
following standard marker proteins: bovine plasma albumin (6? 000),
ovalbumin (3 000), chymotrypsinogen A (2.5 000), cytochrome c (12 00)«
3.9 Glycoprotein Stain with Periodic Acid-Schiff (PAS) Reaction
The carbohydrate moieties in the purified, lectins were confirmed by
PAS staining procedure according to Glossmaiui and Neville( o9)• The lectins,
after electrophoresis in polyacrylamide slab gel containing 0.1$ SDS,
were washed continuously with 3 litres of k0% methanol arid 7$ acetic acid
O
overnight Gels were oxidized for 1 hour at k C with 1$ periodic acid in
7% acetic acid in the dark The excess periodic acid was leached out by
washing the gels in 7% acetic acid overnight Gels were incubated for
_ O
1 hour in Schiffs reagent according to Fair bank( 90) at Ac in the dark
The ge3 .s were stored in Schiff1e reagent or in 1% NaS0„ in 0.1N HC1
d 5
3.10 Neutral Sugar Content Analysis
The Phenol-Sulfuric Method as described by Dubois et al.( 91)
was employed for determining the neutral sugar content of the purified
lectins. The neutral sugar content was expressed in glucose® Ovalbumin
and bovine serum albumin, respectively, were used as positive and negative
control.
311 Amino Acid Composition Analysis
The method of Spackman et aL (92) was employed for analyzing
the amino acid composition of the purified lectins. Protein samples (1 rug)
O
were hydrolysed with 1ml of 6N HC1 in sealed evacuated tubes at 110 G for
2k hours. After the hydrolysates were evaporated to dryness, the residues
were redissolved in 0.2M sodium citrate buffer (pH 325) and suitable
aliquots were taken for chromatographic analysis on a Bookman Model 120C
amino acid analyser. Acidic and neutral amino acida were analysed on the
long column (64 X 0.9 cm Beckman AA-15 resin) by eluting at a total flow
rate of 100mlh with a change of buffer pH from 325 to 4,25 at 170
minutes. The basic amino acids were analysed on the short column, (7 X 09 cm
Beckman PA~35 resin) by eluting at a total flow rate of 100mlh with 0.12M
sodium citrate buffer (pK 525) The peak areas on the chromatograms were
intergrated by the method of addition of absorbance readings and the Type I
Amino Acid Standard Mixture from Beckman was used for calibration. Half-
cystine was determined separately as cysteic acid after performic acid
oxidation according to the method of Moore( 93)•
312 Immunodiffusion
The reactivity of purified lectins with the anti-lectins serum as
described before was determined by the double gel diffusion method of
Ouchterlony (94) with modifications. Agarose gel in barbital buffer
1-0.025? pH 8,6 was set according to the procedure mentioned before. Four
wells with a triangular shape were cut as depicted in Fig. 20«
The purified lectins were placed in the corner wells while the
anti-lectins serum was placed in the central well® Diffusion was allowed to
proceed overnight in a humid chamber at room temperature. Staining and
destaining of the precipitin arcs were done with the same conditions as
described for Immunoelectrophoresis.
3.13 N-Terminal Analysis
N-terminal analysis was performed by dansylation of the polypeptide
according to Gray (95) with slight modifications and followed by the
identification of the a-dansylated amino acid by polyamide sheet chromato¬
graphy as described by Wood and Wang( 96).
To of protein in a small glass test tube, 25ul of 0.1M
NaBGO solution was addedAfter the protein dissolved, dansylation was
done by addition of 25ul of dansyl chloride solution (25%'®! i acetone)«.
The tube was then covered with Parafilm, and the reaction was allowed to
proceed for 1 hour at 37°• After dansylation, the solution was evaporated
to dryness. It was then hydrolysed in 100ul of constant boiling HC1 (6N
o
HC1) in sealed tube for 16 hours at 110 C. After hydrolysis the sealed tube
was opened and the hydrolysate was dried under vacuum. For spotting onto the
polyamide sheets (5X5 cm), the DHS-amino acids were redissolved in 25ul
of acetone-acetic acid solution (3:2 vv)• The sample was spotted about
Oocm from each edge in one corner of the sheet .and developed in two dimensions
with a rerun in the second dimension using a third solvent system The
first dimension was developed with water-formic acid solution (100: 1.5 vv)
and was allowed to proceed for about h minutes, the solvent front moving
approximately The sheet wa@ dried, turned through 90°» and run in
the second solvent system, benzene-acetic acid (9s1 vv), for approximately 6
minutes. After drying, an additional run with the third solvent system,
ethyl acetate-aethanol-acetic acid (20:1:1 by volume), in the same direction
as solvent 2 was allowed to proceed, for about 5 minutes. The separated
dansyl amino acids were examined under a BY lamp.
31 Isoelectric Focusing
This was performed essentially according to the procedure of Allen
at el (97), with slight modifications. Ready-made polyacrylamide gel
plat® containing Ampholine, pH range 3595$ were product of 1KB The gel
concentration was 5% with yo cross-li.t1ka.ge5, the Ampholine concentration
was Z»h% (wv), and the gel dimensions were 2Yp X 110 X 1mm. The purified
lectins were dissolved in distilled water giving a concentration of Irngml.
25ul of each of the samples was applied onto the gel simply by dipping a
sample application piece in the sample solution and then laying it on the
gel Electrolyte solutions were soaked in electrode strips laid along
the long edges of the gel, 1M H_. PO and 1M NaOH were used as anode and
cathode electrode solution respectively The platinum wire electrodes
were held parailed in the electrofocusing lid providing a uniform field
strength over the gel The experiment was run for 2 hours at JO Watts
constant power with the coolant at 8°C in a Pharmacia flat bed electropho-
retic apparatus 3 000 Coloured proteins, i•e• ferritin, myoglobin and
cytochrome C, were used as markers to follow the progress of the focusing
After focusing, the gel was fixed by immersing in the fixing solution (l73g
sulphosalicylic acid, 575g trichloroacetic acid in 300ml of distilled water)
for one hour. This will irreversibly precipitate the proteins and wash out
most of the AmphoXins The remainder of the Ampholine was washed out by
placing the gel in destaining solution (acetic acid :'ethanol: water: 1:3:
10 by volume) for 30 minutes The gel was then stained and destained
according to the procedure as described for SDS-PA gel electrophoresis
315 Abortifacient Activity Assay
Mature female mice (WHT-HT, University of Hong Kong) weighing 23
to 35g were eaged with fertile males The presence of copulation plug the
next aiorning was designated day 1 of pregnancy (PD1). 'Tianhuafen fractions
in normal saline (09% Had) were administered intraperitozieally on day
12 of pregnancy (PD12). Mice were autopsied on day ih of pregnancy (FDI'T)
The total number of uterine implantation sites were recorded and the sizes
were measured The uterine implantation sites were qualitatively defined
as either live fetuses, dead or resorbing fetuses
3.16 Hemagaclutinatinc; Activity of Reduced Lectin® Estimated by Indirect
Coombs Test
The indirect Coombs test( 98 )f originally designed for detecting
functionally 'univalent' antibodies specific for red cells was employed
with modifications. Lectin preparation was incubated in the presence and
absence of 2-mercaptoethanol for 0, 0.5? 1f 3? 18, and 2p hours at room
temperature. The hemagglutinating activity of the reduced lectin samples
was determined as described before. After allowing the reduced lectins react
with rabbit erythrocytes for 5 minutes the agglutinated cells were resuspended
and 25ul of polyspecific antiserum was added. The hemagglutinating titer was
re-estimated after further incubation for one hour.
3o17 Lacto-gel Chromatography of lA in the Presence of 5% 2»Mercaptoethanol
Fraction lAv aTK-I enriched fraction t was subjected to chromato¬
graphy on a Lacto-gel column (13 X ik cm) Fraction Lk was first allowed
to react with the lacto-gel matrix in PBS. After that the incubation buffer-
was exchanged with PBS containing 3f° ot 2-mercaptoethanol; then the incuba¬
tion mixture was standed overnight at room temperature Elution of the
reduced lectins was performed in a', manner identical to the conditions set
forth except that PBS containing 3% 2-mercaptoethanol was used instead of
PBS. Since 2-mercaptoethanol possesses strong UV absorption (99 )9 the
elution profile was therefore monitored by the following method.
2-Mercaptoethanol was removed from the aliquot of each fraction (10ml) by
10% TCA precipitation of protein. The TOA washed protein precipitates were
then eolubilised with 0.05H NaOH and the fraction were monitored by 0
measurement at 280nm
RESULTS AND DISCUSSIONS
1. EXTRACTION O.F LECTINS FROM TIANHUAFEN
1.1 Preparation of Crude Powder
Fresh tuber ofTianhuafen (53Jfhg) wae extracted with normal
saline according to the procedure described in the experimental to give
522.kg of the crude powder. The recovery was 6.0% and the protein
content was estimated to be 30%® The solution of this crude extract
was tested for agglutination of normal, trypinized as well as formalinized
rabbit erythrocytes All these erythrocytes were agglutinated
Trypsinized cells were agglutinated best, normal or untreated cells wore
agglutinated moderately, whereas formalinized cells were agglutinated
weakly. This indicated the presence of hemagglutinia(s) in the crude
extract
12 Fractionation by Acetone Freed pitation
Crude powder was further fractionated by acetone precipitation
to remove non-proteinaeoua substances such as polysaccharides which
might interfere the further purification steps• The fractions
precipitated by 008 VV acetone (Pl)t and 08-3®® VV acetone (P2)
were collected by centrifugtion The fractions were dissolved in
minimum amount of water and then subjected to dialysis against normal
saline. After dialysis, some precipitated proteins remained insoluble
and were separated from the supernatant by centrifugation The supernatant
and the precipitate of each of the acetone precipitated fractions were
lyophilized separately Fraction PI gave two subfractions, PIP and P1S;
fraction P2 gave sub fractions, P2P and P2S (P-fractions)
The heniagglutinating activity of the crude powder aa well as the
P~ fractions was determined As shown in table the specific
heraaggXutinating activity of the crude powder was found to be- 27
Fractions PIS had a speicfic activity of Mf.J which was about double of
that of the crude powder P1P had approximately one half the specific
activity of the crude powderf whereas the specific activities found for
fractions P2S and P2P were neglectible (02 and 02 respectively)
The total hemagglutination activity recovered in the crude powder
started from 1Kg of Tianhufen root tubers was about 500 000
hemagglutination units. After fractionation by acetone precipitation
Almost all the original activity was recovered in the fractions
precipitated at 0-0.8 VV acetone. About 8;% of the total hemagg 1 utinating
activity was recovered in the fraction P1St the soluble protein fraction
of PI, with a purification of about 2-fold Fraction PIS possesses the
highest specific as well as total heraagglutinating activity9 it was then
used a© starting material for further purification.
The protein profile of the crude .powder and the P-fractions
was examined by Immunoelectrophoresis and SDS-PA gel electrophoresis
(Fig. 1 and Fig. 2 respecitvely)• These were used routinely to monitor
the fractionation and purification. The imaunoelectrophonetic patterns
(Fig. 1) and SDS-PA gel electrophoreiic patterns (Fig 2) clearly
showed that the dark arrow pointed components, which were present only
in the fractions bearing heraagglutinating activity (i.e. CP9 PIS and
P1P9 but not in the fractions devoid of lectin activity (±«e P2S and
P2P), axe most likely the proteins with hemagglutinating activity,.
Their approximate molecular weights or subunit molecular weights as
estimated by SDS-PA gel electrophoresis, running alongside with standard
Table 4. Semi-purification of Tianhuafen Lectins,
The hemagglutination test was done with 2% washed rabbit erythrocytes in PBS, pH 7,2.
The reciprocal of the highest dilution showing positive agglutination was defined as titer
and was taken as one unit of hemagglutinating activity. Specific activity was expressed as















































Starting from One Kg of Tianhuafen root tuber.
Relative to the specific activity of the crude powder.
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Fig. 1 Immunoelectrophoresis of Crude Powder (CP) and P-fractions
from Tianhuafen.
The anode is on the right and the cathode on the left
Precipitin reactions were developed against rabbit
antiserum specific for the crude extract (anti-lectins
serum). 1 and 6, CP; 2, P1P; 3, PIS;, P2P; and 3, P2S.
Dark arrow pointed components are the proteins with
hemagglutinating activity. White arrow() pointed







Fig. 2.. SDS-PA Gel Electrophoresis of Crude Powder and P~fractions
from Tianhuafen as well as Protein Markers.
SDS-PA gel electrophoresis was carried out with 10% gel
in 0.375M Tris-HCl buffer, pH 8.8, containing 01% SDS
Samples were heated at 100 C for 2 minutes in 0.125M
Tris-HCl buffer, pH 68, containing 2% SDS, 20% glycerol,
and 0.00h% bromophenol blue with 2% 2-mercaptoethanol.
1 and 7, protein markers containing a) bovine plasma
albumin, b) ovalbumin, c) trypsinogen, d) -lactoglobulin,
and e) lysozyme; 2, CP; 3»P1P? P1S; 5, P2P; and 6, P2S«
Dark arrow pointed components are most likely the
the proteins with hemagglutinating activity. White arrow
pointed component is the abortifacient protein.
maker proteins, were around 28 000 to 8 000, In immunoelectrophoesia
these proteins moved to the anode and were anionic at pH 8.6.
It is noteworthy that the proteins with hemagglutination activity
are different from the abortifacient protein found in the same species
The abortifacient protein moved to the cathode during electrophoresis
on agarose gel plate at pH 86, with a molecular weight of about ?,k 0009
as depicted in immurtoelectr'ophoretic pattern (Fig 1) and SDS-PA gel
electrophoretic pattern (Fig. 2) with a white arrow. Details of the
identity of the abortifacient protein and the lectins are shown in the
next section.
The effect of various sugars on the hemagglutinin ting activity of
the crude lectins were studied and results are summarized in Table 5
Among the dissaccharides and oligosaccharides tested, lactose and
lactulose, both with a 3-glycosidic linkage, are the most potent
inhibitors; whereas raelibiose and raffinose with a-glycosidic linkage
have lower inhibitory activity. The monosaccharides, D~galactosef
D-fucose and N-acetyl-D-galactosamine also .have inhibitory effect. Among
these three monosaccharides, D-galactose has the strongest inhibitory
power, whereas the inhibitory potencies of D-fucose and N-acetyl~D-
galactosmine were about three quarters and one quarter respectively of
that of D-galactose. It should be noted that the agglutination of
erythrocytes by Tianhuafen lectin is due to specific sugar binding rather
than nonspecific interactions, addition of inhibitory sugars e»g lactose
could prevent the hemagglutination whereas non-inhibitory sugars
e.g. maltose was ineffective.
From these findings, we conclude that there are lectins present
Table 5 0 Inhibition of Lec t in- indue ed Agglutination of
Rabbit Erythrocytes by Carbohydrates
F 1 inimum amo un t (mM) c omp1e tc1y

































in the Chinese herb, Tianhuafen; the crude lectins are specific for
D-galactose or D-galactose related simple sugars, they show some preference
for -D-galactose over a-D-galactos© and are different from the
abortifacient protein found in the same species
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2, PURIFICATION OF THE LECTINS
At an early stage, we tried to isolate the D-galactose binding
lectins from the leetin-enriched fraction, P1S, of Tianhuafen by affinity
technique in one step The first affinity adsorbent being tried was
formaldehyde fixed rabbit erythrocytes It was based on the fact that
Tianhuafen lectins could agglutinate formalin treated rabbit erythrocytes
as well as normal or trypsinized rabbit erythrocytes This finding
suggests that Tianhuafen lectins are capable of binding themselves to the
cell surface carbohydrates of the relatively stable fixed RBCs Adsorption
of Tianhuafen lectins to the formalinized rabbit RBCe was simply operated
by batehwise technique, the bound lectins could be desorbed by washing with
competitive simple sugar, ie. lactose; however, leakage of hemoglobulin
from even the fixed cells was observed as demonstrated by SDS-PA gel
electrophoresis By this method, the presence of several lectins in
Tianhuafen was confirmed but the isolated lectins which were contaminated
with proteins, e.g. hemoglobulin, etc, derived from RBCs were not suitable
for characterization studies
Since the agglutination of erythrocytes mediated by Tianhuafen
lectins is inhibited specifically by simple sugars, which implys that
1
Tianhuafen lectins do belong to the simple sugar binding lectin class, we
therefore attempted to isolate the Tianhuafen lectins by affinity chroma¬
tography on commercial available or synthetic affinity adsorbents The
next affinity adsorbent being tried was Sepharose, which was reported to be
successful in isolation of some D-galactose specific lectins( 37),
although not all D-galactose binding lectins are capable of binding
themselves to such adsorbent( 37 ,38)• The D-galactose binding lectins
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from Tianhuafen were not retented by such affinity adsorbent (Sepharose)•
They were eluted from the gel simply by the starting buffer, i.e PBS,
without competitive sugar hapten. We therefore tried to immobilize the
lectin-inhibitory sugars to insoluble matrix•
The method of Vretblad( o') was employed and two inhibitory sugars,
i.e., D-galactose and lactose respectively, were incorporated to Epoxy-
activated Sepharose CL-6B (Pharmacia). Any free hydroxyl groups of the sugar
haptens could be attacked by the oxirane (epoxy) group and therefore could
be covalently linked to the long hydrophilic spacer arm of the matrix by
epoxyl ether linkages. The attachment of the sugars to the gel matrix was
not well defined. D~galaetose could be attached covanlently through any
of its hydroxyl groups to the gel matrix® On the other hand, the dissacharide
lactose could be linked to the gel matrix through the reducing and, i@.
glucose, or through the non-reducing D-galactose residue. In case that
glucose was cross-linked9 3-D-galactoside would be exposed; and in case that
the non-reducing end was cross-linked, the reducing glucose would be exposed©
However, attachment of sugars to the gel matrix might be via two or more
attachment sites.
It was found that the D~galctose~gel thus synthesized was unable
to retent the lectins from Tianhuafen but lactose immobilized on Sepharose
prepared under the same condition was capable of holding lectins from the
Tianliuafen crude fraction. Galacto-geX and Lacto-gel purchased from E-Y
Lab gave similar results, although both the sugar hapten were immobilized
through their C-1 hydroryl groups respectively and were attached to the gel
matrix (agarose beads) by divinyl sulfone linkages® Galacto-gel from E~Y
Lab was incapable of binding lectins from Tianhuafen, in contrast, Lacto-gel
(E-Y Lab) was successful.. The chromatographic behaviour of Tianliuafen
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lectins on the two lactose-gel, i.e. the Lacto-gel made by us and the
Lacto-gel purchased from E-Y Lab, was more or less the sarnie. The binding
affinities of the gels to the lectins of interest are similar and the
retented lectins were eluted by sugar hapten with identical strength.
Inasmuch as the E-Y Lab Lacto-gel has well defined sugar to gel attachment
site and only limited amount of Lacto-gel was made by us, the E-Y Lab
Lacto-gel was used throughout the following studies.
The direct binding of lectins from the crude fraction P1S of
Tianhuafen to Lacto-gel was successful but the protein profile of the
retented lectin peak as monitored by Immunoelectrophoresis and SDS-PA gel
electrophoresis was however complex and revealed the presence of several
lectins that are not easily separable from each other (see below).
2.1 Fractionation by DEAE-Sepharo se Column Chromatography
Conventional ion-exchanger was then attempted to further fractionate
the crude lectin fraction PIS before using biospecific adsorbents for
three reasons. First f the galactose-binding proteins in fraction P1S with
charge difference could be fractionated. 'Separation of them may not be
accomplished by other means. Secondly, this step probably removes as much
interfering substances as possible from the crude lectin fraction, otherwise
these interfering substances, such as glycoproteins capable of forming
complexes with the lectins present, may decrease the binding affinity
of the lectins to the affinity sugar-gel Thirdly, conventional ion-
exchangers are much cheaper and more easily obtainable than most affinity
adsorbents. Besides, the high binding capacity of most ion-exchangers
make them the gel type of first choice for crude separation before other
purification steps.
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The lectins from fraction P13 are anionic at slightly basic
medium as revealed by Immunoelectrophoresis (Fig. 1). DEAE-Sepharose
CL-6B, an anion-exchanger, was selected for such purpose. As shown in
Fig. 3, DEAE-Sepharose chromatography of the crude lectin fraction PIS
gave four major peaks. The first (D1) peak was eluted with 0.02M
NHKCO (pH 8.0) containing 0.1M NaCl, the second (D2) and the third
(Dp) peaks were obtained by eluted with 0.2M NaCl in the NHHC07 buffer,
and the fourth (Dk) one was eluted with 0.3M NaCl in the same NHHCO
buffer.
Hemaglutination assay showed that fraction D1 at a final concen¬
tration of 1mgml was completely devoid of hemagglutinating activity. The
specific hemagglutinating activity of D1 was therefore less than one.
Fraction D2 showed only very weak hemagglutinating effect with a specific
activity of one. Both D3 and Ok were hemagglutinating active fractions.
D3 had a specific hemagglutinating activity of 880 whereas Dh was 80.
The recoveries of hemagglutinating activity in D1 and D2. after the DEAE-
gel chromatographic step were neglectible( 0,3%)• 3 recovered as much
as 303% of the original hemagglutinating activity whereas the activity
recovered in Ok was 23%• The hemagglutinating activity recovered in D3
fraction was about double as that recovered in fraction. The finding
that the total yields of hemagglutinating activity in fractions Dp and
Dh was more than 700% of that of the starting material, is probably due
to the removal of inhibiting substances initially present in the crude
lectin fraction P1S
Protein profile of the fractions was monitored by immunoelectro-
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Fig3 3» Ion-exchange Chromatography of Partially Purified Tianhuafen extract,
Fi ciction Pio( ig) was applied to a i„5X32 cm column of DEAE—Sepharose CL-bB equilibrated with
0,02h NHHCO containing 0•1M NaCl (pH 8.0), Elution was carried out with the same buffer and
then stepwise elution was performed with 0.2M and 03M NaCl in the same bicarbonate buffer,












Fig, k. Immunoelectrophoresis of Fraction P1S and D-fractions
from Tianhuafe.ru
1 and 6, PIS; 2, D1; 02; d, D3; and 3,, DP, Dark arrow
( pointed components are the proteins with hemagglu-
tinating activity, White arrow(!) pointed component is
the abortifacient protein.
1 2 3 4 5
Fig 5. SDS-PA Gel Electrophoresis of Fraction P1S and D-fractions
from Tianhuafen. Sample treatment and running conditions
were the same as depicted in Fig. 2.
1, P1S; 2, D1; 3, D2; D3; and 5 Df. Dark arrow(.)
pointed components are the proteins with hemagglutinating
activity. White arrow (X) pointed component is the
abortifacient protein.
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dark arrow pointed components which are present only in the hentiagglutinating
active fractions D3 and D4 are probably the proteins with lectin activ ty
The white arrow pointed component present in D1 is the abortifacient
protein (see later discussion). Fraction D3 showed stronger hemagglu-
tinating activity, higher lectin yield and much simplified immunoelectro-
phoretic pattern and SDS#-PA gel electrophoretic pattern than fraction D4.
In the if munoelectrophoretic patterns, D3 gave about 4 precipitin arcs
whereas D4 showed about 8 in the SDS-PA gel electrophoretic patterns,
4 major protein bands were found in fraction D3 but at least 6 were shown
in fraction Don Based on these and other reasons discussed later, fraction
D3 was chosen for further purification of lectins.
2.2 Purification by Biosecific Adsorbents
The ultimate purification of the .ectins was performed by two
more steps of affinity chromatography using column of Lracto-gel and Con
A-Sepharose CL-4B,
A typical chromatogram of the lectin-enriched fraction D3 on a
Lacto-.gel column was shown in Fig. 6 After removing unbound proteins by
eluting with three bed volumes of staring' buffer, desorption of adsorbed
lectins was performed with a linear gradient of galactose from 0 to 20mI`A
in the same- buffer. Three protein peaks with hemagglutinating activity
were obtained at 1mM, 1+mM, and 7mM of galactose respectively.
The specific hernagglutinating activity of the unadsorbed peak
Li was 1, the total activity was less than 0,02% of the original hemag-
glutinating activity. As shown in Table 6, the specific hemagglutinating
activity of fraction 12 was 260, whereas that of fraction L3 was 1020 and
fraction Lt} was 2050. The total yield.of hernagglutinating activity of the
fractions, 12, L3 and Lk, was nearly 90%.
Frastion iy.mber
Fig. 6 Affinity Chromatography of D3 on a Lacto-gel Column.
D3 (10Omg) was applied to a Lacto-gel column (1e3X1 Hem) equilibrated with PBS, pH 7.2. The
column was eluted first with the initial buffer and then with a linear gradient of D-galactose
in the same buffer. Fractions of 5ml were collected at a flow rate of 2omlhour. Fractions
between arrows were pooled.









































































Starting from ONE Kg of Tianhuafen root tuber.
Relative to the specific activity of the crude powder,
c
Total activity of the crude powder taken as 100,
Lacto-gel column chromatography revealed the presence of three
isolectin groups whcih differ in the strenght ox interaction with specific
immobilized sugar, i.e. lactose, under the conditions of chromatography.
There are quite a large number of articles reporting the presence of
isolectins in diverse sources The presence of isolectins always
make the purification problem particularly difficult. Literally, the
presence of isolectins would be revealed by affinity electrophoresis
( 100) or affinity chromatogrpahy (52) as well as other means. Here
we reported the presence of isolectins in Tianhuafen as detected by
affinity chromatography.
Homogeneity of the fractions from Lacto-gel was analysed by
Immunoelectrophoresis and SDS-PA gel electrophoresis. In Immunoelectro¬
phoresis, single precipitin arcs were observed for fraction L2, fraction
L3 and fraction L4 respectively (Fig.?), indicating all the isolated
components were immunochemically pure. Fraction L2 on SDS-PA gel elect¬
rophoresis, with 2-mercaptoethanol treatment (Fig. 8) produced one major
band plus two minor bands. As will be described later (Fig. 12-3)? in
the absence of 2-mercaptoethanol, a major band plus one minor hand of
greater mobility were observed. The minor contaminent may be
due to the roicroheterogeneity of the L2 component or the presence of
trace amount of components from fraction L3 or fraction L4. Owing to
limited amount of material was recovered and the purify of fraction L2
as judged from Immunoelectrophoresis and SDS-PA gel electrophoresis was
satisfactory for characterization studies, no attempt has been made to
further purify the L2 lectin. Fraction L2 is designated as lectin TK-III•
Although fraction L3 and fraction Lk were immunochemically pure,
SDS-PA gel electrophoresis (Fig. 8) revealed the presence of contaminents
62
Figs 7, Immunoelectrophoresis of Fraction D3 and L-fractions
from Tian.huafen.
1 and b, D3, 21 L1 3, 1,2 1+, L3 and 5, L4.
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1 2 3 4 5
Fig, oSDS-PA Gel Electrophoresis of Fraction D3 and L-fractions
from Tianhuafen.
1, D3; 2, L1; 3, L2; 4 L3; and 5, L4.
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from fraction L2 and fraction L4 in fraction L3, fraction L4 waa conta-
minated with components from fraction L3. Rechromatography of fraction
L4 on the Lascto-•gel column was unsatisfactory to remove the comtaminants.
Preliminary studies indicated that lectin- enriched fraction
from Lacto-gel. column gave precipitin arcs then reacted with concanavalin A
on the agarose gel plate, as analyzed by double diffusion method according
to Ouchterlony( 94), Fraction L3 and fraction 1)4 were further purified
by Con A-Sepharose CL-4B column charomEttography the elution profiles
are shown in Pigo 9s
Fig. 9-a represents tht= Con A-gel column chromatography of
fraction L4. Four protein peaks were obtained, the first three peaks
were eluted with 0.02M Trie.HCl buffer 4H 7.4) containing 0.05M NaCI,
and the fourth peak was obtained by elution with 0.5N glucose in the same
buffer containing 0.5N MCI. The major peak, designated as lectin TK-l,
corresponding to the major component of fraction L was obtained from
tube 10 to tube 12. Under the same cofldition, as shown in Fig. 9-b,
fraction L3 was fractionated into 3 major peaks whereas the lectin TK®I
peak was obviously absent in this chromatogram. The major peak, designated
as lectin TKK'. corresponding to the major constituent of fraction L3
was eluted from tube 13 to tube 18.
Details of the purification steps eps are summarized in Table bm The
hemagglutinating activity of lee-tin TK-I is about the same as fraction
L4, both of them had a titer of 2050. Lectin TK-II showed high activity
than its enriched fraction L3, TK-II had a titer of 1 770 whereas L3 had a
titer of 1020. This finding is probably due to the removal of low activity
lectins from fraction L3.
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Fib.. Con A--Sepharose Affinity Chromatography of L-fractions from Lacto-gel.
A column (1.3X28cm) of Con A-Sepharose CL-4B equilibrated with 0.02M Tris-HC1 buffer•(pH 7.4)
containing 0.05M NaCl was used. After addition of sample, elution was carried out first with
the starting buffer and then with a linear gradient of NaCl in the same buffer, and finally,
with 0.5M D-glucose in the same buffer. 5m1 fractions were collected at a flow rate of 12G5ml/h.
9-a, elution profile of Con A-gel Chromatography of Lf+ with a sample size of 4irng
9-b, elution profile of Con A-gel chromatography of 46mg of .L3.





































The recovery of hemagglutinating activity after the final affinity
chromatographic step was relatively low Only about one fourth of the
original activity in If was recovered in TK-I, and about one third of the
activity in Lp was recovered in TK-II. --he loss of hemagglutinating
activity might be partly due to the removal of other minor lectin component
during the Con A affinity chromatographic step, and partly due to the
irreversible binding of lectins onto Con A gel( 82, 101)
Homogeneity of the three lectins thus purified was analysed by
Immunoelectrophoresis PA gel electrophoresis and SDS-PA gel electro¬
phoresis In Immunoelectrophoresis, single precipitin arcs were observed
for lectins TK-I, TK-II, and TK-III respectively (Fig 10), indicating
all the isolated components were immunocheraically pure
The homogeneity of the three lectins was further demonstrated
by PA gel(?%) disc electrophoresis at pH 89 As shown in Fig. 11,
each lectin gave a single protein band Among them, lectin TK-IIX showed
the greatest electrophoretic mobility, lectin TK-XX located at between,
whereas the mobility of lectin TK-I was the least. It was concluded
that lectin TK-I is a little bit more basic than lectin TK-XX which in
turn is slightly more basic than lectin TK-III. The mobilities of the
lectins were in accordance .with their behaviour in agarose electrophoresis
at pH 8.6 which depends mainly on their charges, but each lectin showed
a rather diffused spot in their agarose electrophoretic patterns, probably
due to the presence of interaction between the lectins and the agarose
gel (unpublised data).
Fig. 10. Immunoelectrophoresis of Purified Lectins and Semi-
purified Lectin Fractions from Tianhuafen.
The anode is on the right and the cathode on the left.
Precipitin reactions were developed against rabbit
anti-lectins serum. Well 1, crude powder; Well 2., PIS;
Well 3, D3; Well 4, TK-III; Well 3, TK-II; Well 6, TK-I;
Trough, rabbit anti-lectins serum.
5
6
Fig. 11. PA Gel Disc Electrophoresis of the Purified Lectins.
PA gel disc electrophoresis was performed with 7% gel
in 0.375M Tris-HCl buffer, pH 8,9 Samples were dissolved
in a 20% sucrose solution containing 0.025$ hromophenol
blue. Electrophoresis was carried out at 30 mA per gel
slab for 2 hours. From left to right: TK-I; TK-II; TK-III.
1 2 3
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SDS-PA electrophoresis in 10$ gel of lectin TK-I, lectin TK-II,
and lectin TK-III without 2-mercaptoethanol treatment gave mainly a single
band for each fraction, as shown in Fig 12-1,12-2, and12-3 Lectin
'TK-I, after 2-mercaptoethanol treatment, gave two discrete bands, a
smaller peptide (IA) and a larger peptide band (IB) (Figl2-0. Similar
to lectin TK-I, lectin TK-II split into a smaller peptide (IIA) and a
larger peptide (IIB) after 2-mercaptoethanol treatment (Fig12-5) As
mentioned before, lectin TK-III treated with 2-mercaptoethanol gave mainly
a single band (HIS) which had a lower molecular weight than untreated
TK-III (Fig.12-6). In all cases, the apparent molecular weights of the
untreated lectins as estimated by standard marker proteins were about
double the molecular weights of the reduced lectins indicating that each
of the purified lectins was a dimer composed of two subunits.
In addition to the major bands, lectin TK-I and lectin TK-II
showed minor contaminants below the major ones on SDS-PA gel electropho-
retic patterns (Fig.12-1,12-2) Both lectin TK-I and lectin TK-JX gave
two minor bands of greater mobility which corresponded to the major bands
of their reduced components. These minor contaminants may be due to
contamination of other proteins or more probably the presence of reduced
form of the same lectins in the lectin preparations.
Thus, three of the proteins with heoagglutinating activity present
in fraction D3 were purified by Lcto-gel chromatography alone or by a
combination of Lacto-gel and Con A-gel chromatography. The purity of lectins
thus obtained as judged by Immunoelectrophoresis PA gel electrophoresis and
SDS-PA gel electrophoresis was satisfactory for charaterization studies.
1 2 3 4 5 6 7
Fig 12. SDS-PA Gel Electrophoresis of Purified Lectins and
Protein Markers.
SDS-PA gel electrophoresis was carried out with 10%
gel in 0.375M Tris-HCl buffer, pH 8.8, containing
0.1% SD3« Samples were heated at 100 G for 2 minutes
in 0.125M Tris-HCl buffer, pH 6.8, containing 2% SDS,
20% glycerol, and 0.00h% bromophenol blue with and
without 2% 2-mercaptoethanol« 1 to 3i lectins, TK-I
TK-II, and TK-III respectively in absence of
2-mercaptoethanol; h to 6, same as 1 to 3 but with
2-mercaptoethanol treatment; 7? protein markers
containing: a) bovine plasma albumin, b) ovalbumin,
c) trypsinogen, d) A-lactoglobulin, and e) lysozyme.
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It is noteworthy that these three purified lectins do not
represent all the lectins present in Tianhuafen, lectins other than
the purified three lectins are also present and are represented by
the other fractions such as the Con A-gel retented peaks during
Con A-gel column chromatography. Because the purity and yield of
them are not good, they are not subjected to characterization
studies.
furthermore, with regards to the DEAE-gel column chromatographic
step, about one third of the lectin activity of P1S was lost or was present
in D4. Attempts were therefore made to investigate whether the D4 lectins
are identical to the D3 lectins. Rechromatography of D4 on the same DEAE-
Sepharose column revealed that no component of the D4 proteins could be
eluted by buffer containing 0.2M NaC1 that was required for elution of
D3 proteins from the DEAE-gel. The presence of D4 lectins is therefore
not by inccident. The presence of D3 and D4 lectins may not be due to the
inter-change or equilibrium of lectin forms during column chromatographic
step, although formation of aggregates by association or dissociation of
lectin monomers during chromatography is occasionally observed (102)
The ionic properties of the D3 and D4 lectins are probably different, D4
lectins are more acidic than the D3 lectins.
Treatment of various physical and chemical agents further demon-
strated that the two lectin preparations D3 and D4 are different in many
para.m.eters although they showed the same response to centain treatments.
The activity of the two lectin preparations was rather stable up to 7O0Cp
they were completely inactivated by boiling or incubation at 800C for 1
hours Treatment with 0.1M sodium hydroxide removed all the hemagglutinating
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activity of the lectin preparations. D4 lectins were relatively stable at
acid pi about a quarter of its original activity could preserve after
treatment with 0.1M hydrochloric acid for 24 hour. On the other hand,
the same treatment removed most of the hemagglutinatiig activity of D3
lectins, and only 2.5% of the original activity of D3 lectins was capable
of being retained. The hemagglutinating activity of D4 was reduced to
one eighth of the original by incubation with 6M urea for 24 hour, whereas
the same treatment rendered the D3 lectins totally inactive. D4 lectins
are relatively resistant to trypsin and subtilysin digestion (enzyme
substrate ratio 1:10) about half of its activity could be kept from losing
after digestion for 24h at room temp. In contrast, D3 lectins are extremely
sensitive to proteolytic digestion, under the same condition the hemagglu-
tinatin activity of D3 lectins were completely abolished.
Speculations or reasons for the differences between D3 and D4
lectins may be one of the followings. The D4 and D3 lectins are probably
identical but they differ in the degree of post-translation modifications
of protein synthesis. D3 and D4 lectins may share identical protein
skeletons but because deamination of the asparagine of glutamine residues,
or methylation, or phophorylation, or sialylation of the protein backbones
are to different degrees, the D4 lectins are therefore more anionic. Second
probable reason for that is the real presence of different lectins in the
two fractions. At present, we cannot identify which one would be the
correct answer, but both cases are compatible and may co-exist to certain
ent.
Lacto-gel chromatography of D4 revealed that all the lectins
nmmrnnf rats could be eluted with D-alactose at concentration not larger
than about 10mM, that is identical to the condition required for t,hc elution
of D3 lectins. But the IE and SDI'-P1\ gel electrophoretic patterns of the
lectin fractions thus obtained are nevertheless much more complicated than
that of D3. Therefore, we do not attempt to further purify the D4 lectins
or study them in detail in the present thesis, although fraction D4 is a
significant lectin preD.aration.
This finding also explain why chromatography of P1,3' directly- on
Lacto-gel column was unsuccessful to get relatively pure lectin fractionsv
It is because the D4 _lectin components behave very similar to that of D3
lectins in Lactc-gel chromatography and remake all L-fractions complicated
and therefore make further purification much more difficult„
The presence of so many isolectins in Tianhuafen make the
problem of purification of individual lectins very difficult, we are
therefore not at a position to -pur fy all the lectin components.
In the following section, we present the results pretaini.ri to
the characterization studies of the three purified lections.
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.3. CHARACTERIZATION OF THE PURIFIED LECTINS
3.1 Physicochemical Properties
3.1.1. Molecular Weights of TK-I, TK-II and TK-III, and Their Subunits
The size of the purified lectins mas examined by electrophoresis
on 10 and 12.5$ pclyacrylamide gels in the presence of sodium dodecyl
sulfate (Fig. 12 and 13) find gel filtration on Sephadex G-100 SF column
(Fig. 19 and 15) The observation that each purified lectin gave a.
symmetric peak during gel filtration further demonstrated
that the purified lectins are homogeneous in regard to size. The molecular
'weight estimates are summarized in Table 7 Trie molecular weights
determined for the purified lectins varied slightly as different method
were used. TK-I was determined to be of molecular weight 32 000~5° 000f
the molecular weight determination of TK-II was between 57 000-5 000T
whereas TK-III varied between 65 000-70 000. Electrophoresis on 10 or
12.5% SDS-PA gel reliably and consistently gave higher molecular weights
for TK-I in the range of 55 000-5° 000 and for TK-II of 58 000 but lower
molecular weights for TK-III ranging from 65 000 to 66 000. Since the
three purified T. leishanensis lectins contain covalently bound carbohy¬
drates or are glycoproteins (see below) and certain glycoproteins have
been shown to exhibit anomalous migration in SDS-PA gels( 1 03), the
inconsistency of molecular weights as determined by two methods, i.e.
gel filtration abd SDS-PA gel electrophoresis, might be due to that.
When 2-mercaptoethanol was included in the electrophoresis
buffer, all of the lectins were broken down into smaller units. TK-I
yielded on SDS-PA gels a larger subunit of molecular weight in the range






































Fig. 13. Log of Molecular .eight versus Mobility by SDL-PA Gel
Elec trcphoresis of the Puri f ied Lec tins a.nd Fi ve Standard
Proteins Pun in Different Concentrations of Acrylamide.
The plots frorn right to 1 e f t represent 10 and 12 .3% ge 1 s„
Molecu 1 ar weigh t markers (rno 1 ec.u 1 ar weigh t s 3hown in
parenthe) used were: 1) bovinepiatrn al11 burr11(6 7 000),
2) ovalbumin (io 000), 3) trypsinogen (20 000),
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Fig. 14, Gel Filtration Chromatography on Sephadex G-100 3F
of the Purified Lectins.
Bed diarne ter: 2. 0cm; bed height: 8f cm; e 1 uent: PBS,
pH 7.2; flow rate: 8mlhour. V, V, V0, V.7, and V,
represent the elution positions of Blue Dextran 2000,
bovine plasma albumin, ovasbumin, a -chymotrypainoge















Fig 15. Calibration Curve for the Sephadex G-100 SF Column
Shown in Fig. id.
Molecular weight markers (rnolecu 1 ar weigh ts shown in
parentheses) used were: 1) bovine plasma albumin
(67 000); 2) ovalbumin (h6 000); 3) a-chymotrypsinogen
A (23 000); and A) cytochrome c (12 A 00). I, II and III
respresent TK-1, TK-11 and TK-111 respective1y.
Table 7• Molecular Weight Determinations of T. leishanensis
Lectins and Their Subunits
























2-mercaptoeth.anol treatment (Figure 12-+). When TK-II was similarly
treated with 2-mereaptoethanol, the 38 000 molecular weight component
was reduced with the concomitant appearance of two bands of molecular
weight 33 000 and 29 000 respectively (Figure 12-3)» Under the same
conditions, TK-III gave one smaller component of molecular weight in the
range of 33 OOO-38 000 (Figure 12-6). These results suggest that each
of the lectins may be composed of two subunits linked by disulfide bridges.
TK-I and TK-II consist of two types of subunits whereas TK-III contain
only one type of subunit. Furthermore, TK-I and TK-II appear to share
one common subunit of molecular weight 29 000, The fact that faint bands
corresponding to the reduced components were obtained for each of the
nonreduced lectins on SDS-PA gels might be due to the presence of reduced
components or minor contamination with other lectins or proteins in the
lectin preparations.
312. Glycoprotein Stain with Periodic Acid-Schiff Reaction
The glycoprotein nature of three lectins was confirmed by the
PAS reaction as shown in Figure 16. Bovine plasma albumin, a non-glycopratein,
and ovalbumin which contains 2% neutral sugar were run alongside as a
negative and a positive control. Without 2-mercaptoethanol treatment,
each of the three lectins gave a single PAS-reactiv© protein band (Figure
1o-1,16-2, and 16-3)' From their staining intensity, the carbohydrate
content of TK-III is estimated to be the highest one, TK-II has less carbo¬
hydrate content while the carbohydrate content of TK-I is relatively low.
The subunits of the three lectins were also stained positively with PAS
reagent except that the heavy subunit of TK-I was PAS negative (Figure 16-+,
16-5, and 16-6)•
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Fig. 16. SDS-PA Gel Electrophoresis of Purified Lectins.
SDS-PA gel electrophoresis was carried out as described
in Fig. 12. The gel was stained with periodic acid-
Schiff reagent. 1 to 3, TK.-I, TK-II and TK-III,
respectively, in adsence of 2-mercaptoethanol
4 to 6, same as 1 to 3 but with 2-mercaptoethanol
treatment 7, bovine plasma albumin; 8, oval bumin.
The heavy subunit of TK-I, as pointed by a small arrow,
was not stained positively.
3.1.3. Carbohydrate Content
The neutral sugar content of the lectins was estimated directly
by the Phenol-Sulfuric Method. The percent neutral sugar, expressed as
glucose, was found to be 1 2-7£ and 3«7% for TK-I, TK-II, and TK-III
respectively by repeated analyses.
3.1.4. Amino Acid Composition
Presented in Table 8 are the data pertaining to amino acid com¬
position of TK-I, TK-II and TK-III. In this experiment, half-cystine was
determined as cysteic acid after performic acid oxidation, tryptophan was
not determined and no correction was made for losses during hydrolysis.
Small amount of glucosamine was found in all cases but quantitative data
for glucosamine was not obtained.
Lectins are usually high in acidic and hydroxy amino acids and
low in half cystine or cysteine and methionine. The three purified lectins
showed a similar inclination. They are rich in aspartic acid, glutamic
acid and serine, but contain only a small amount of histidine, methionine
and cystine. The three lectins have very similar, but not identical amino
acid composition. TK-II has relatively high content of phenylalanine while
TK-III has extremely low content of methionine.
3.105 N-Terminal Amino Acid Analysis
Polyamide sheet chromatograms of the hydrolysates of dansylated
lectins are shown in Fig. 17 Two amino acids, i.e. valine and aspartate,
were identified as the N-terminal of TK-I. The N-terminal amino acids of
TK-II were confirmed to be valine and aspartate as well, but in addition to
these two amino acids, veak glycine and alanine spots were also detected.
Table 8 o Amino Acid Composi 11 on of T0 Fe1ahancnsi s Lec I iris«
Numbers in parentheses indicate number of residues
expressed in the nearest whole integer,
Arninoa cidresidues
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25.60(26)
ND
Nole of amino acid residue© per mole of protein. The
following molecular weights 000f 57 000, and 70 000
are used for TK-I, TK-1I and TK-III respectively.






































































Fig. 17. Polyamide Sheet Chromatography of the Hydrolysates of
Dansylated T. leishanensis Lectins
Two dimensional developments were performed with various
solvent systems as indicated, 1t TK-I; 2, TK-II; and
3, TK-III•
Since the 3-amide bond of asparagine is susceptible to acid hydrolysis,
asparagine will converse to aspartate and the two amino acids will be
indistinguishable from one another affer acid hydrolysis. Thus one of
the N-terrainal amino acid of TK-I as well as TK-II may be either aspartate
or asparagine. The hydrolvsates of dansylated TK-III gave a major glycine
spot. Besides this major spot, valaine, alanine and serine were observed.
These results suggested that TK-II and TK-III might be contaminated with
other proteins or the purified lectins are still a group of isolectins
On the other hand, these results again support the observation that TK-I
as well as TK-II has two different subunits, and TK-III probably consists
of identical subunits.
3.1.6. Isoelectric Focusing
Isoelectric focusing of the purified T. leishanensis lectins
in polyacrylamide gel containing Ampholine, pH range 3«5~95? is shown
in Figure 18 and a graphic analysis of the data derived from Figure 18
is presented in Figure 19 Although the purities of the three T.
leishanensis lectins are satisfied with regards to a number of criteria,
microheterogeneities of the purified lectins were demonstrated by iso¬
electric focusing. Four closely located bands were observed for TK-I
The major band of TK-I had a pi of 5«6S whereas the three other minor bands
showed a pi of 52, 5» and 57 respectively. One major band of pi 51
and ane minor band of pi 50 were observed for TK-II. A single band of pi A.7










Fig. 18. Isoelectric Focusing of the Purified Lectins and
Calibration Proteins in a Polyacrylamide Gel Containing
Ampholine (nK 3.5-9.5)
1, calibration proteins consist of (a) ferritin (s-„4),
(b) bovine plasma albumin (+.7), (c) 5-lactoglobulin
(5.30 (d) conalbumin (5-9), (e) myoglobin horse(?.. 3),
(f) myoglobin whale (8.3), (g) ribonuc lease (9. +5), and





















Fig, 19• Plot of Isoelectric Point versus Mobility by Isoelectric
Focusing of the Purified Lectins and Calibration Proteins,
I, II, III respectively represent the major band of
TK-I, TK-II and TK-III as shown in Fig, 18. The identities
of the calibration proteins are depicted in the legend of
Fig, 18.
3. 7. Immunoidentity
The immuneidentity of the lectins was tested by double immuno¬
diffusion and Immunoelectrophoresis experiments (Fig, 20 and Fig. 21)«
In all cases, single precipitin arcs were formed between the lectins and
the anti-lectins serum• Fusing and no spurring of the precipitin arcs
strongly suggest that these lectins share certain common antigenic
determinants.
The three purified Tianhuafen lectins are essentially homo¬
geneous as demonstrated by Immunoelectrophoresis, analytical disc elec¬
trophoresis on PA gel at pH 8.9, and under dissociating conditions and
furthermore by gel filtration and double immunodiffusion. Nevertheless,
N«terminal amino acid determination demonstrated that there may be
contamination of other proteins in the TK-II and TK-III preparations.
Results based on isoelectric focusing on PA gel also indicated the micro-
heterogeneous nature of the lectins, A few closely located bands were
observed for the three lectins during isoelectric focusing,
The three Tianhuafen lectins appear to be composed of two
subunits or exist as dimeric forms, TK-I (mol wt 35 000) dissociated into
two major peptides of approximate molecular weight 29 000 and y 000,
respectively, by reduction with 2-mercaptoethanol and denaturation with
sodium dodecyl sulfate. TK-II (mol wt 58 000) yielded peptides of
approximate molecular weight 29 000 and 33 000, respectively, on 2-mer-
captoethanol-sodium dodecyl sulfate polyacryiamide gels. TK-III (mol wt
66 000) was broken down into ope type of subunits of approximate molecular
weight 35 000 by the same treatment. TK-I and TK-II probably share one type of
peptide, the 29 000 molecular weight peptide, and each of them has one
unique type of peptide. Evidence in support of this possibility is that
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Fig. 20. Immunodiffusion of T. leishanensis Lectins and Anti-
lectins Serum in Agarose gel.
Anti-lectins serum was placed in the center well;
I, II, and III represent TK-I, TK-II and TK-III
respectively.
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Fig. 21, Immunoelectrophoresis of T. leishanensis Lectins.
The anode Is on the right and the cathode on the left
Precipitin reactions were developed against rabbit
anti-lectins serum. I$ II and III indicate TK-I, TK-II
and TK-III respectively; Rabbit anti-lectins serum was
placed in the troughs.
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the molecules have very similar biological properties and sugar-binding
specificities (see below), almost identical amino acid compositions
as well as N-terminal amino acids, and the purified lectins form fusing p
precipitin arcs with each other in Immunoelectrophoresis and double imm¬
unodiffusion, Although TK-III is composed of subunits different from that
of TK-I and TK-II, TK-III probably has antigenic determinants identical
to that of the other lectins, TK-III also forms fusing precipitin arcs
with TK-I and TK-II
From the molecular weights of the subunits obtained after reduction
and electrophoresis on SDS-PA gels, we propose that TK-I is probably a
dimer of the AB type, TK-II is a dimer of the AB type and TK-III is a dimer
of the type. Several related cases are found in literature. Ricin from
Ricinus communis as well as abrin from Abrus precatorius is a dimer and
is composed of 2 non-identical subunits( 12). The lectin from winged
ean (Psophocarpus tetragonobus) is also a dimer but consists of 2
identical subunit (57).
3.2 Biological properties
32.1 Blood Group Specificity
The hemagglutinating activity of the T.leishanensis lectins
against various type of erythrocytes is listed in Table 9 The lectins
agglutinate human erythrocytes of all groups but show a slight preference
for group B as well as group AB erythrocytes this is consistent with
the findings done on crude lectin fraction PIS® Sheep erythrocytes are
non-agglutinable. Rat red blood cells are agglutinated weakly by TK-II
and TK-III but strongly by TK-I, Mouse erythrocytes are non-agglutinable
in regard to TK-II and TK-III but are agglutinated by TK-I It is noteworthy
that though the three lectins have similar carbohydrate specificity
Table 9• Blood Group Specificity.
The hemagglutination test was done with 2% washed
erythrocytes of various types in PBS, pll 7.2. The
reciprocal of the highest dilution showing positive
agglutination was defined as titer and was taken as
one unit of hernagglutinating activity. Specific















































(see below), they show different agglutinating activity towards different
blood types.
32.2« Carbohydrate Specificity
Data pertaining to Table 10 are the effect of different saccharides
on the hemagglutinating activity of the purified lectins against rabbit
erythrocytes. Inhibition tests with TK-I, TK-I I and TK-III gave similar
results showing the same carbohydrate specificity® Among the sugar tested,
lactose, lactulose, methyl- 3 -D-galactose, p-nitrophenyl- I -D-galactoee
and N-acetyl-D-galaciosamine are the most potent inhibitors D-galactose,
D-fucose, methyl-a-D-galactose, p-nitrophe ny1-a-D-galactose, raelibiose
and raffinose have lower inhibitory activity, whereas L-arabinose has
very weak inhibitory power. D-arabinose, L-fucose, D-xylose, D-mannose, D-glucose,
N-acetyl-D-glucosamine, N-acetyl~D-mannosamine were without effect® It is
noteworthy that N-acetyl-D-galactosamine is a weak inhibitor with regards
to crude lectins (P1S), but become a very potent inhibitor when the lectins
have been purified. The reason for that is not known.
Generally speaking, saccharides with the arrangement of hydroxy1
groups at the C-2, C-3 Q-b positions similar to D-galactose were
found to have inhibitory activity. 'The sugars which are the best inhibitors
have the following structural characteristics in commons (l) The hydroxyl
on carbon-1 may be free or in ct- or S-glycosidic linkage. However the
j -glycosides are always a stronger inhibitor than the a-glycosides mid
the free sugar. (2) Substitution of the C-2 hydroxyl with N-acetyl-amine
group potentiates the inhibitory activity of the sugar® (3) The
absence of carbon-6 'weakens the interaction of the sugar with the
T.leishanensis lectins. The comparison of L-arabinose to D-galactose
indicates this, (k) The substituent on carbon-6 may be hydrogen as in
Table 100 Tnhibitory Kff ectofWr1ons Sngar son 11 e m a g g 1 111 i 11 a t i n g
Activity of T. 1o1s}lanensis I,ectins.
Hc 1ative pot cncy' in 1.nhi piting
hen'tatre Iut1natine activity of
Sugar TK -1 TK -11 TK -III
Ac Monosacch arides
D- A r a
I..'• A r a
D- F u c
L- F u c
D-Xyl
i)— (,A 1 C
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The inhibitory activity of D-galactose was taken as 1 .0»
The valuse are based on piinimum concentration of sugars needed
for comp 1 ete inhibi tion of -i hemagg 1 utinating doses of the
lootin s o
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D-fucose (6-deoxy~D-galactose) or a hydroxy1 group as in D~galactose.
All the sugars tested which show inhibitory effect on the
hemagglutinating activity of the T.leishanensis lectins belong to the
group II sugars according to Makela( 10A) Conclusivelyf the purified
lectins from T.leishanensis are D-galactose specific and exhibit some
preference for i-D-galactosides, although the a -anoraers are also bound
3.2,3 Abortifacient Activity
The bioactive protein, pinellin, isolated from another Chinese
medicinal drug, pinellia (Pinellia ternata) was found to exhibit both
hemagglutinating and abortifacient activity( 77). Tianhuafen was
also found to have an abortifacient protein, designated as trichosanthin.
It is therefore interesting to see whether the hemagglutinating activity
and the abortifacient activity reside on the same protein(s).
Inasmuch as the purified lectins do not represent all the
hemagglutinating activity present in Tianhuafen, the assay of abortifa¬
cient activity was conducted by using the' D-factions, the fractions
obtained after DEAE-Sepharose column chromatography They are the direct
protein sources used for the purification of the abortifacient protein
and the lectins. The identity of the major component present in D1 was
confirmed to be trichosanthin( '5)• As mentioned earlier, fractions D3
and Df collect almost all the hemagglutinating activity found in Tianhua¬
fen,
As revealed by abortifacient activity studies (Table 11), the
D1 fraction, which is devoid of hemagglutinating activity, exerted a
100% mid-gestation abortion in mice at a concentration of as little as
Table llo Abortifacient Activity of Fractions from DEAE-Sepharose CL-6B Column in Mice0
The fractions were dissolved in 09 2ral saline and administered intraperitoneally on PD 120
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Mice were considered aborted when the number of dead fetus 50% of the total implantation sites0
0.1mg per 23 gm body weight; the lectin-enriched fractions D3 and DT at
five times the effective concentration of D1 showed no obvious effect.
In addition to difference in biological activity, the abortifacient protein
and the lectins are different in their amino acid compositions as well
as other types of physico-chemical properties. The abortifacient protein
is a single poly-peptide with a molecular weight of 2h 000 which is much
smaller than that of the lectins (see Fig,2 and 5)„ Trichosanthin, the
abortifacient protein, is basic protein which moves to the cathode in
agarose electorphoresis at pK 3.6 whereas the Tianhuafen lectins are
acidic and move to the opposite direction under the same condition-
(see Fig.1 and)» The abortifacient protein and the Tianhuafen lectins
are different in imraunogenieity as well. In immunodiffusion and Immuno¬
electrophoresis, the precipitin arcs of them formed crosses rather than
fused together (unpublished data)
Our results revealed that these two kinds of bioactive principles
from Tianhuafen are distinct proteins. This is contradictory to pinellin
from Pine'llia ternta, which exhibits both abortifacient and hemaggluti-
nating activities.
Furthermore, trichosanthin likes some other lectins, viz.
Agaricus hisporus lectin (71) and wheat germ hemagglutinin( 7-)
and was found to be very effective in suppressing the Con A mediated
incorporation of radioactive thymidine into splenocytes although it itself
is non-mitogenic« As little as Tagml of the purified abortifacient protein
produced a 22% decrease in tritiated thymidine incorporation and a final
concentration of I00ugml completely blocked the incorporation of radio¬
activity( 70). On the contrary, preliminary results indicated that
T.leishanensis lectins do not show significant inhibitory effect on
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the( H) thymidine uptake as compared with the abort!facient protein.
Only TK-III at a concentration of as high as 100ugml exerted a
inhibition of ('H) thymidine incorporation into splenocytes. This
preliminary results, although need confirmation, provide another evidence
that the lectins thus purified are different from the abortifacient protein
found in the same species.
Interestingly, the same preliminary experiment demonstrated that
the Tianhuafen lectins obviously lack of cytotoxicity, although several
lectins are cytotoxic( 16). After incubation of splenocytes with the
purified lectins at concentration of as high as lOOugml for A8 hours, the
viabilities of the cells as determined by trypan blue extrusion were
relatively high ranging from ?6 to 85% which were comparable with the ceil
control (83%).
3.3 Preliminary Studies on the Lectin Subunits
Presented in Table 12 are the data pretaining to the stability
of Fraction LA lectins under treatment with 2-mercaptoethanol. Fraction LA
which is a TK-I enriched fraction, pretreated with 5% of 2-mercaptoethanol
for half an hour lost much of its hemagglutinating activity. And the
hemagglutinating activity- of fraction LA deceased gradually after incubation
of the lectins with 2-mercaptoethanol for prolonged periods. The
hemagglutinating activity of the 2-mercaptoethanol-treated lectins could
be restored partly though not completely by the addition of anti-lee tins
serum. It indicated that the reduced lectins, which did not possess
hemagglutinating activity, was able to bind to the surface carbohydrates
of red blood cells.
Ta b 1 e 12. Loss o f 11 e m a g g 1 u 11 n a t i n g c t i v i t y o f th o T,3 L( c t -i n s
after Treatment t wi th 2~Me rc a p t oe thanol.
Fraction L k was incubated wi. th or wi fhout 5°°-
2- raercap toetha11o 1 f or thc var i.our time i nt orva 1 s a t
room temperatureo The hemnprintinatinc activitv of
the samp1es was then detorminod as descr1bed Aftet
a11owing the 1octinsreactcd with rrbbit erythr ccyt e s
for 45 m1nutes, the agg 1»11 i na t ed ce 1 I r were resuspensed
and 25 u1ofan ti 7ec11nsscium was added The
hemagg1utina ting titer was redetermined af ter further
1n cuba11 on for oneh our
Hema eelutina tin cractivity after
in cuba11 on w11hor with out 2
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The preservation of sugar-binding ability in the reduced lectins
was further demonstrated by chromatography of fraction IA on a Lacto-gel
column (1.3 X 'A cm). The elution profile is shown in Figure 20. Obviously
most of the 2-mercaptoethanol treated or reduced lectins were retained by
the Lacto-gel matrix and were eluted by galactose at concentration of 7mM,
which identical to the sugar concentration that required fox1 the elution
of native lA lectins from Lacto-gel column.
Reduction of the T.leishanensis lectins with 2-mercaptoethanol
resulted in a loss of hemagglutinating activity, but the reduced lectins
were able to bind themselves to the cell surface carbohydrates of red
blood cells and interacted specifically with immobilized lactose with
affinity similar to that of the native lectins.
Splitting the lectins into subunits, which are originally held
together by interpolypeptide chain disulfide bridges, by the reducing
action of 2-mercaptoethanol probably accounted for the loss of hemagglu¬
tinating activity of the treated lectins. Nevertheless, the hemagglu¬
tinating activity of the 2-mercaptoethanol-treated lectins could be
restroed partially by addition of anti-lectins serum. It indicated that
the reduced lectins may behave like the so called monovalent lectins
e.g., ricin and abrin( 12) Since a pr ere qui'elite for the hemagglu¬
tinating activity of lectins is the presence of at least two sugar binding
sites per molecule, monovalent lectins, which have only one sugar binding
site per molecule, can only bind to cell surface carbohydrates but can
not cross-link or agglutinate cells. In the presence of specific anti¬
serum, the lectin-coated. nonagglutinated cells are then recognized by the
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Fig. 22. Affinity Chromatography of lA on a Lacto-gel Column in the Presence of~% 2-rnercaptoethanol.
-lA, the j.K-1 enriched fraction was applied to a Lac to— gel column( 1 8 3 21 4 c m) equilibrate d with
PBo, pH .2. the column was eluted first with the initial buffer containing 3% 2-rnercaptoe thane 1
and then with a linear gradient of D-galactose in the same buffer. Fractions of 10ml were
collected at a flow rate of 26mlhour.
agent, the specific antibodies
The preservation of sugar-binding activity in reduced T.leisha-
nensis lectins was further demostrated by affinity chromatography, in
which 2-mercaptoethanol-treated lectins fully retain their sugar binding
ability. It seems that 2-mercaptoethanol can split the lectins into
subunits but does not affect the binding affinity of the sugar-binding
sites of the reduced lectins.
Thus, the lA lectins probably have one sugar binding site per
subunit; or if more than one, the sugar binding sites must locate closely
on the subunit thus allowing formation of no intercellular lectin bridges
after reduction, or some of the sugar binding sites are extremely unstable
towards 2-mercaptoethanol treatment At the present moments we are not¬
able to decide which is the true picture for this. Similar cases that
reduction of disulfide bridges of other lectins did not affect their
carbohydrate binding activity were also reported (106,107).
In literature, only two b-D-galctose binding lectins, i.e., ricin
from Ricinus communis and abrin from Abrus precatorius( 12), so far
isolated were found to have molecular structures and carbohydrate
specificities similar to that of T. leishanensis lectins. Abrin (mol wt
65 000) dissociates into subunits of molecular weight 30 000 and 35 000
respectively, whereas ricin (mol wt 63 000) is broken down into subunits
of molecular weight 32 000 and 3 000 respectively, under 2-mercaptoethanol
treatment. Both of them are specific for 5-D-galactose residue. These'
properties are similar to that of the Tleishanensis lectins. Both ricin
and brin are extremely toxic proteins and have only one sugar-binding
site per molecule, on the contrary, the three root lectins from
T.leishanensis are obviously nontoxic and probably have more than one
sugar-binding site per molecule. T.leishanensis lectins agglutinate
erythrocytes of various species at relatively low concentrations whereas
ricin and abrin can do so only in the presence of specific antiserum
(12).
T.le ishanensis lectins are probably different form any B-D-
galactose-binding lectins reported to date.
Thus, we have isolated three lectins from Tianhuafen, the root
tuber of Trichosanthes leishanensis belonging to Cucurbitaceae.
In regard to the family Cucurbitaceae, only a few related species
were claimed to have hemagglutirating activity. Screening studies indicated
that there are lectin activity present in the seed extracts of Bryonia
syriaca (75) and Monordiea balsamina(), but no further research
effort was devoted to the isolation and characterization of the lectins
from these species.
Sabnis and Hart( 73) reported the presence of hemagglutinating
activity in phleom exudate from three species of the Cucurbitaceae, namely
pumpkin (Cucurbita maxima).cucumber (Cucumis sativus)and melon (Cucumis
melo), as well as the isolation of the protein responsible for the lectin
activity in C.Maxima. The exudate sample were highly active and caused
hemagglutination at a concentration as low as 0»pugnil; they were blood-
type non-specific. No simple sugar, including D-galactoae, D-glucose,
L-fucose, N-acetyl-D-galactosamine, N-acetyl-D-glucosamine, and others,
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interacted with the hemagglutination. It seems that the lectins from these
species do not belong to the simple-sugar-specific lectin classes. The
molecular weights of the purified lectin from C.maxima as determined by
SDS-PA gel electrophoresis and Sephadex G-100 gel filtration, both in the
presence of 2-mercaptoethanol, were 22. 000 and 20 000 respectively• It possesses
a hi$i content of half-cystine residues and a relatively high content of
basic ammo acids, especially lysine It has a rather high isoelectric point
The lectin is active in the monomeric form or reduced form with hemagglu™
tinating activity at a concentration as low as 0.lugml. The lectin could
not be extracted from the seeds of these cucurbit species, but appeared in
5-day old seedlings( 73)
The presence of lectins in the phloem exudate of the fruits of
melon (Cucumis melo) and cucumber (Cucumis sativus) was also reported by
Allen.( 74), together with the purification and characterization of
the lectin from another cucurbit species, namely vegetable marrow (Cucurbita
pero)® Their activities were all strongly inhibited by chitin oligasac-
charides, but only weakly by N-acetyl-glucosamine. They may therefore
be designated as complex saccharide binding lectin. The lectin from Cucurbita
pepo fruite is not a glycoprotein, and its reduced molecular weight as
estimated by gel-filtration and SDS-PA gel electrophoresis is about 20 000
Based on their sugar-binding specificities as well as other
physicocheraical properties, it seems that all these lectins are quite
different from the lectins found in Tianhuafen.
As described in the introduction of this thesis (p. 27) rIhe
presence of D-galactose-binding lectin(s) in the seeds of Momordica
charantia, also belonging to family Cucurbitaceae, was reported
by number of scientists, but the results were ambiguous The D-galactose
binding lectin from Momordica charantia as reported by Tomita, et al.
( 37) i was adsorbed to a column of Sepharose B and was shown tro agglu¬
tinate human type~0 red blood cells, but not Yoshida sarcoma cells. A toxic
and a non-toxic lectins, momordin and momordica agglutinin were isolated
from Momordica charantia by Lin et al( 56). The molecular weight of
momordin and momordica agglutinin were determined to be 23 6?8 and 3 762
respectively by SDS-PA gel electrophoresis and by gel filtration coupled
with amino acid analyses. Both lectins are single polypeptide chains.
The LDof momordin was 5®g per kg body weight and it inhibited protein
biosynthesis of Ehrlich ascites tumor cells. Momordica agglutinin is
able to agglutinate the humn O-type erythrocytes at a concentration of
0,5ugml Galactose or its derivatives are able to inhibit the the
hemagglutination( 55). Two different lectins were purified by Li (56)
from the seeds of M.charantia by gel filtration and ion-exchange chroma-
tography but none of them bound to Sepharose column. Theses 2 lectins
appeared to be composed of 2 identical subunits of 26 000 which were
periodic acid-Schiff positive, indicating the presence of carbohydrate.
The two lecins differed in their hemagglutinating activities as well as
their amino acid compositions, nevertheless, both of them contained no
or only trace amount of half-cystine residue (56). A D~g .lactose-binding
lectin from M.charantia was isolated by Harejsi. et® a; (53), on a 0-a-
D-galactosyl polyacrylamide gel affinity column. The isolated lectin showed
a slight preferential agglutinating activity towards human type-0 eryth¬
rocytes and were inhibted best by N-acetyl-D-galactosamine, D-galactose
and lactose. The lectin had a molecular weight of 129 000 and consists
of subunits of molecular weights 29 000, 32 000 and 36 000, respectively,
held together by cystine bridges. The lectin was relatively rich in half-
cystine and methionine and was a glycoprotein containing 4.1% neutral sugar
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and 0.5% glucosamine (53). The data concerning M-charantia lectin(s) are
quite diverse and may be due to using different seed-sources in their
investigations. Nonetheless, all these lectins reported possess unique
features, such as unique molecular weights and molecular structures, that
they are different from the Tianhuafen lectins. Expect the present reported
one, none of these lectins from other species of the family Cucurbitaceae
was from root-origin. The presence of lectin in other plant root is also
rather rare although not completely missing. Since lectins have been found
to distribute so widely in living world, it has been postulated that lectins
should have some very import physiological or endogeneous functions()«
The present finding, obviously, provides a case from which we may get a
deeper insight of the physiological functions of root lectins.
Interestingly, though the phloem exudate of C.maxima and the
fruit exudate of C,pepo were hemagglutinating active, their seed extracts
did neither agglutinate nor lyze RBCs (76)„ On the other hand, lectin
activity was detected in both the root and seed extracts of Tianhuafen.
Preliminary results indicate that the lectins from these two different
parts of Tianhuafen are not identical, further research effort is therefore
necessary to elucidate the relationship between the seed and root lectins
from Tianhuafen«
Tianhuafen has been known as a folk medicine for centuries, and
in the last few decades its clinical application in skin injury and
inflammation has been reported (108-110), To determine whether the various
biological activities of lectins purified from Tianhuafen are correlated
with these clinical effects further characterization of the lectins will
be necessary.
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